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ON THE CYCLOPID.E AND CALANID^ OF LAKE ST 

CLAIR, LAKE MICHIGAN, AND CERTAIN OF 

THE INLAND LAKES OF MICHIGAN. 



From the standpoint of the pisciculturist, perhaps no class of animals 
outside the fishes themselves is so important and interesting as the ento- 
mostraca. It is a well known fact that these minute Crustacea form the 
entire food material of the young of some of our most important food 
fishes, and in many cases form a large part of the food of the adults. 

They are universally distributed. Every stream, lake, pond, and pool 
-has its population of these minute creatures. Moreover they are present 
in some places in enormous numbers. In the deeper waters of our lakes 
the surface waters to a depth of about thirty feet fairly swarm with cope- 
pods. In limnetic collections there are always present some Cladoceray 
but the great bulk of the material in any lake will consist of two or three 
species of Diaptomus and as many of Cyclops, 

Inasmuch as the occurrence and abundance of animals is largely depen- 
dent on their food supply, it will be seen that an accurate and thorough 
knowledge of entomostraca is of fundamental importance, if we would 
have an exact knowledge of the conditions controlling our fish. 

The material on which this paper is based was obtained from the 
following sources. 

• 1. Collections made by Professor Eeighard in certain lakes in southern 
Michigan in the summers of 1891 and 1893. 

2. OoUections made by Professor Beighard in the northern part of 
Lake Michigan in the spring of 1893. 

3. Collections made by Professor Beighard during the biological exam- 
ination of Lake St. Clair in the summer of 1893. This involved a very 
large number of collections in the months of July and August, and its 
results probably give us a very accurate knowledge of the copepod fauna 
of Lake St. Clair in the summer season. In connection with this work a 
few collections were also made in the Detroit river and in Lake Erie. 

4. Collections made in Jul^ and August 1894 in connection with the 
scientific work of the Michigan Fish Commission at Charlevoix. This 
involved a careful examination of Bound Lake and Pine Lake, collections 
in Lake Michigan and the lakes on Beaver Island, and cursory examina- 
tions of the small lakes in the neighborhood of Charlevoix. 
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5. Collections made by Dr. E. H. Ward in September, 1894, in Emmet 
and Cheboygan Counties, along the '^Inland Route." 

Inasmuch as these collections were made for the most part, in the 
summer season, and more especial attention was paid to the larger bodies 
of water, the results of the examination cannot be considered as giving us 
a complete knowledge of the fauna of the State. A more careful examina- 
tion of the smaller Takes and of the stagnant pools would doubtless add 
some species to the list. Yet the number of those species would be small^ 
and for the larger bodies of water the list as given in this paper is prob- 
ably very nearly complete. 

This becomes evident when one remembers hov^ nearly identical are the^ 
faunae of the deeper waters of our lakes. To such an extent is this true 
that one can prophesy quite exactly^ what species will be f6und in a collec- 
tion from any of the lakes of thisv latitude. The collections from the 
deeper water will almost invariably give the following species: — Diaptomus 
oregonensis, Cyclops brevtspinosus, C. Leuckarti and C. fluviatitis, CL 
albtdus and C, serrulatus may be present, but belong more properly to the 
littoral fauna. In the larger lakes, in addition to this list we may find 
Epischura lacustris. Diaptomus siciliSy D, Ashlandi, D. minutus, and 
Limnocalanus macrurus are not commonly found except in the Great 
Lakes and in the bodies of water in direct connection with them; in the 
Great Lakes, too, C. pulchellus takes the place which C. hrevispinosus 
holds in the smaller lakes. 

D, Reighardi is the only new species which I have found in the Michi- 
gan collections. As I have already remarked in a former paper ('93 p. 192) 
the species of Diaptomus are, in some cases, quite limited in their distribu- 
tion, and apparently Diaptomus is much more susceptible to the influences 
of its environment than is Cyclops. Very little is known of the life his- 
tories of the species of Diaptomus^ and it is possible that a more complete 
knowledge may lead to a reduction of the number of species. But, so far 
as I can see, all the forms described vary within comparatively narrow 
limits, and there is no evidence whatever to lead us to question the separa- 
tion of the forms. 

I have indicated, in the accompanying chart, the distribution of the 
species. It has not seemed necessary to indicate the character of the indi- 
vidual collections in Lake St. Glair and Lake Michigan as no particular 
significance is attached to such facts. 

The sketch maps will show most of the localities where the collections 
were made. 

It is interesting to note the greater richness of the copepod faunae of our 
lakes as compared with those of the continent of Europe. Zacharias finds 
seven species of copepods belonging to the Cyclopidce and Calanidce in 
the PlOner See. In Lake Michigan there are nine, and that includes no 
littoral species; in the lakes on the Beaver Island there are eight, in Pine 
Lake nine, in Bound Lake eleven, in Intermediate Lake eleven, and in 
Lake St. Clair sixteen. The large number in Lake St. Clair is probably 
explained by the fact that, being very shallow, it has the species of the 
smaller bodies of water and of the stagnant pools, and in addition, because^ 
of its connection with the Great Lakes, has also their limnetic species. 
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Pine Lake is peculiarly poor in its number of species. This is strikingly- 
apparent when we compare it with Intermediate Lake. Pine Lake was very 
thoroughly examined, and it is likely that we are acquainted with all the> 
species occurring there, and yet the number is only eight. All the collec- 
tions from Intermediate Lake were made in one day by a party which went 
down from Charlevoix and remained only a few hours, and yet the number 
of different forms is eleven. Intermediate Lake seems to be an unusually 
rich collecting ground, for with the exception of Lake St. Clair and Hound 
Lake, no other lake shows such a large number of species, and both Lake 
St. Clair and Hound Lake have been very thoroughly explored. Moreover, 
in the case of Bound Lake, several of the species may be considered as 
immigrants from Lake Michigan. 

In general it may be said that the copepod fauna of Michigan does not 
differ materially from that of Wisconsin, which I have already described 
in a former report. (Marsh '93.) This is only what one would expect 
because of the very wide distribution of the species, as already noted. 
(Marsh '93, p. 19L) 

Inasmuch as many of the species have been imperfectly described, it- 
has seemed best to me in preparing this paper to devote some space to 
more detailed descriptions, and particularly to furnish some figures in 
addition to those already published, and in this way to supplement the^ 
work of preceding papers. ... 

The literature of the Copepoda is so scattered that it is very difficult for 
any one except a specialist to make determinations of species that are at 
all satisfactory. Without doubt this fact has deterred many from attempt- 
ing any study of the Copepoda. Much valuable work in regard to the^ 
distribution of species might be done by amateur investigators if there were 
any work giving brief directions by which the species might be determined 
with a fair degree of accuracy. This lack, with the advice of Professor 
Eeighard, I have attempted to supply in the present paper. Preceding: 
the notes on Diaptomus and Cyclops^ I have given a brief synopsis of the 
species of those genera. These synopses, which, with some modifications,, 
are like those in my paper on the copepods of Wisconsin, are intended 
simply to furnish a means of recognizing the species by some of their most 
obvious characters. While the first six plates may be considered as sup- 
plementing the work of my Wisconsin paper, I have thought best, in 
order to aid in the identification of species to add the seventh, which 
repeats some of the figures of the former paper. I think that by means of 
the synopses and plates, any one who has the patience to make the neces- 
sary dissections, will be able without much difficulty to identify our species 
of Cyclops and Diaptomus, at least as far as adult forms are concerned. 

I have included in the synopses some species which have not yet been 
found in Michigan, but which have been reported from Wisconsin, and 
will, doubtless, after a more thorough exploration, be included in the- 
Michigan fauna. 
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FAMILY CALANIDJE.— Genus DIAPTOMUS Westwood. 

KEY TO SPECIES OF DIAPTOMUS FROM CHARACTERISTICS OF THE MALE. 

Antepenultimate joint of antenna without appendage, 

Fifth feet nearly equal in length, oregonensis. 

Left fifth foot snorter than right, 
Inner ramus of left fifth foot about equal in length to 
first joint of outer ramus, terminal hook of right foot 

not markedly angular, pallidus. 

Inner ramus of left fifth foot about twice as long as 
first joint of outer ramus, terminal hook of right foot 
with an abrupt angle at about midway of its length, Beighardi. 

Antepenultimate joint of antenna with hyaline lamella, leptopus. 

Antepenultimate joint of antenna with appendage, 
Appendage short and blunt, 

Left fifth foot hardly reaching end of basal joint of 
right, lateral spine of terminal joint of right foot 
weak, reaching about to end of joint, species large, 

occurring only in spring, sanguineus. 

Left fifth foot reaching to about one-third the length 
of the terminal joint of the right, lateral spine of 
terminal joint large, reaching to nearly one-half the 

length of the terminal hook, ..^ Birgei. 

Appendage as long or longer than the penultimate joint, 
Terminal hook of right fifth foot broad, lateral spine 

minute, minutus. 

Terminal hook falciform. 

Lateral spine nearer outer extremity of joint, sicilis. 

Lateral spine stout, nearer base of joint, Ashlandu 

DiAPTOMus siciLis Forbos. 
Plate YII, fige. 1 and 11. 

1882. D. sicilis Forbes, p. 645, pi. VIII, figs. 9 and 20. 

1884. " " Herrick, p. 142, pi. Q, fig. 18. 

1889. " " DeGuerne and Richard, p. 23, figs. 13 and 14, pi. II, 

fig. 13. 
1891. " " Forbes, p. 702, pi. 1, fig. 6. 
1893. " " Marsh, i>. 197, pi. Ill, figs. 8 and 10. 

D. sicilis is found everywhere in the Great Lakes, in Lake St. Clair and 
in the Detroit River. It is also found in Pine Lake, and very likely occurs 
in other bodies of water having direct connection with the Great Lakes. 

I do not know of its occurrence in bodies of water away from the 
Great Lakes, except in Green Lake (Marsh '91 and '93), and Lake Geneva 
(Forbes, '90), and both of these are deep-water lakes. 

DiAPTOMUs AsHLANDi Marsh. 
Plate VII, fig. 2. 

1893. D. Ashlandi Marsh, p. 198, pi. Ill, figs. 11-13. 
When I described this species in my paper on the Cpclopidce and 
Calanidce of Wisconsin, I knew of only two localities for it, Lake Supe- 
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rior and Lake Erie. It occurred in the collections from Lake St. Clair 
and the Detroit Biver, but not abundantly. In the Lake Michigan col- 
lections it was a common species, but not nearly so numerous as D. 
minutus. I found it in none of the smaller lakes except Round Lake and 
Pine Lake. 

DiAPTOMUS MiNUTus Lilljeborg. 
Plate YII, fig 8. 

1889. D. minutus DeG-uerne and Bichard, (Lilljeborg) p. 50, pi. I, figs. 
5, 6 and 14, pi. Ill, fig. 25. 

1891. D. sicilis var. imperfectus Forbes, p. 703. 

189L " " Marsh, p. 212. 

1893. " " Marsh, p. 199, pi. IV, figs. 1 to 3. 

D. minuttLS is, perhaps, the most common of all the Diaptomi in the 
collections from Lake St. Clair and the Great Lakes. With D. sicilis and 
D. Ashlandi it forms the great bulk of the Crustacea in the limnetic col- 
lections. While I have found it in one or two of the Wisconsin lakes, it, 
like the two preceding species, has not so far been found in any of the 
Michigan waters which do not have direct connection with the Great Lakes. 
The three species may be fairly considered as characteristic of the fauna 
of the Great Lakes. 

It is with considerable hesitation that I have considered Forbes's imper- 
fectus identical with minutus. One can not be certain of the identity of 
the two forms from the description given by Forbes, and yet from the 
localities which he gives for his variety, it seems very probable that the 
two are the same. He speaks of it as common in Lake Superior and Lake 
Michigan, and in some adjacent lakes, and in Lake Geneva. Inasmuch as 
D. minutus is so common in the Great Lakes it is not at all probable that 
it has been overlooked by so accurate an observer as Profe6=Jor Forbes, 
and as he reports imperfectus as an abundant form, I think the probabili- 
ties are that imperfectus is a synonym of minutus. 



DiAPTOMUS OREGONENsis Lilljeborg. 
Plate VU. fig. 5. 

1889. D. oregonensis DeGuerne and Richard, (Lillj.) pi. II, fig. 5, pi. 

Ill, fig. 8. 

1893. " " Marsh, p. 200, pi. IV, figs. 4 and 5. 

D. oregonensis is the common limnetic species of the smaller lakes. It 
occurs in the Great Likes, but not abundantly, while in the smaller bodies 
of water it usually forms the larger part of the limnetic fauna. 
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DiAPTOMus Reighabdi, sp. nov, 

Plate I, figs. 1-4. 

The first segment of the cephalothorax is considerably shorter than the 
second. The first two segments form nearly half the length of the cepha- 
lothorax. The last segment is armed behind with two very minute spines. 

The first segment of the abdomen of the female is elongated, nearly 
^qual in length to the remainder of the abdomen and the furca. It is 
•dilated laterally and in front and bears two rather small lateral spines. 
The second segment is about one-third shorter than the third. The third 
segment is slightly shorter than the furca. 

The antennae reach the end of the furca. The right antenna of the 
male is swollen anterior to the geniculating joint; the antepenultimate 
joint has no appendage. 

The outer ramus of the fifth foot of the female is two-jointed. The third 
joint is represented by the customary two spines. The inner ramus is 
one-jointed; it is somewhat longer than the first joint of the outer ramus, 
^nd is armed at tip with minute setae and two spines. 

In the right fifth foot of the male the basal joint is quadrangular, about 
one-half longer than broad. The length of the first joint of the outer 
ramus is about equal to its width. The second joint is elongate, concave 
on its inner margin; at about one-third of its length there is a minute 
«pine on its inner margin; the rather long lateral spine is situated at about 
two thirds of its length. The terminal hook has a single abrupt angle at 
about one-half its length. The inner ramus is one-jointed and equals in 
length the first joint of the outer ramus. 

The left fifth foot of the male reaches a little beyond the middle of the 
second joint of the outer ramus. The basal joint is about as broad as 
long, and is somewhat shorter than the basal joint of the right foot. The 
first joint of the outer ramus is about as broad as long, its distal end con- 
siderably narrower than the proximal. The second joint is about twice as 
long as the first, and the tip is expanded into two finger-like processes, of 
which the outer is much the larger and is armed on its inner surface with 
a pad bearing minute setae. The inner ramus extends to rather less than 
one-half the length of the second joint of the outer ramus. 

Length of female, 1.1895 mm.; male, 1.0248 mm. 

This species, which is nearly related to D. oregonensiSj is yet readily dis- 
tinguished by the characters of the male fifth foot. I found it in the 
collections from only three localities, — the North Lake on Beaver Island, 
Intermediate Lake, and Crooked Lake. 

I have named this species in honor of Professor Beighard who has, 
directly and indirectly, done so much to increase our knowledge of lacus- 
trine faunae. 
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> 

Genus EPISCHURA Forbes. 

Plate II, figs. 1-6. Plate III, fiffs. 1-6. 

Epischura lacustris Forbes. 

1844. Scopiophora vagans Pickering, p. 62. 

1882. E, lacustris Forbes, pp. 541 and 648, pi. VIII, figs. 15, 16, 21, 23^ 

pi. IX, fig. 8. 

1884. E. lacustris Herrick, p. 131, pi. Q, fig. 13. 

1889. " " DeGuerne and Eichard, p. 90, pi. IV, figs. 3, 9 and 10. 

1891. '' " Forbes, p. 704, pi. I, figs. 1-5; pL II, fig. 7. 

1893. " " Marsh, p. 200, pi. IV, fig. 6. 

I have very little doubt that, as stated by Herrick ('84, p. 131), the 
Scopiophora vagans of Pickering is the same as E. lacustris. The state- 
ment in regard to the armature of the abdominal furcse can apply to no 
other genus, and as only one species of Epischura has been found in the 
Great Lakes, there would seem to be little doubt as to the identity of Pick- 
ering's species. If then we follow the laws of priority as strictly as do 
some authors, we should throw out Forbes's name. But I cannot think it 
wise when a name has been so long incorporated in our literature, and is 
founded on an accurate and easily recognized description, to throw it aside 
in favor of a name accompanied by a description which, it is true, probably 
applies to this animal, but is manifestly inaccurate in some particulars, and 
may be in all. 

It is not necessary to give a detailed description of this species, as that 
has already been done by other authors, but, as very few figures of it have 
been published, it has seemed best to me to draw quite a number in order 
that they may serve for comparison of this genus with others, and of the 
various species of Epischura with each other. 

A few points in the anatomy, which have not been noted by others should 
be mentioned. 

Forbes has recently ('93, p. 255) called attention to the fact that the 
fourth abdominal segment of the male is without a process, and that the 
fifth bears two processes. 

The antennse are 25- jointed. In the female, clavate sensory setse are 
present on all segments except the 4th, 6th, 8th, 10th, 20th, 21st, 22d and 
24th. The 8th and 11th segments have each a short spine. The left 
antenna of the male is like those of the female except that the sensory 
setae are much longer, particularly on the basal segments. The right 
antenna of the male is 22-jointed, with a hinge between the 18th and 19th 
segments. The 19th segment is formed by the union of the 19th, 20th and 
21st of the typical antenna, and the 20th by the union of the 22d and 23d. 

The outer rami of the swimming feet are three- jointed, and the inner 
one- join ted. In all the feet the inner ramus bears five setae. In the first 
foot the first and second joints of the outer ramus have each one external 
and one internal seta. The terminal joint has six setae. In the second,, 
third, and fourth feet, the first and second joints of the outer ramus have 
spines externally instead of setae as in the first foot. The terminal joint 
has two short spines externally, a long terminal spine with its outer margin. 
deeply Berrate, and four eetsd on the internal margin. 
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E. lacustris was a common species in the collections from Lake St. Clair^ 
Lake Michigan, and many of the smaller lakes. 



Genus LIMNOCALANUS Sars. 

LiMNOCALANUS MACRURUS SarS. 
Plate lY, figs. 1 and 2, Plate Y, figs. 1-5. 

1863. L. macrurus Sars., pp. 228-229. 

1882. " " Forbes, p. 648. 

1886. Centropages Orimaldi DeGueme, pp. 1-10. 

1888. L. macrurus NordqYist, pp. 31-37, pi. I, figs. 9-11; pi. II, figs.. 

1-5; pi. Ill, figs. 1-4. 

1889. L, macrurics DeGuerne and Richard, p. 77, pi. IV, figs. 5, 11, 

and 12. 
1891. i. macrurus Yar. auctus Forbes, p. 706. 
1893. " " Marsh, p. 201, pi. IV, fig. 7. 

For the description of i. macrurus we must depend largely upon the 
elaborate description aiid figures of Nordqvist. 

Forbes ('91, p. 706) thinks that our form is sufficiently different from 
the European to rank as a distihct Yariety. When preparing my former 
paper ('93) it did not seem to me that there was good reason for establish- 
ing a new Yariety. Becently I haYe made a more careful examination of 
the details of its structure, using material from Detroit BiYer, Lake Mich- 
igan, and Green Lake. So far as the specimens I haYe examined are con- 
cerned, the points of difference mentioned by Forbes ('91, p. 707) do not. 
exist. It seems to me that the twenty-fifth antennal segment is clearly 
separated from the twenty-fourth, and not consolidated as stated by him. 
In all my specimens I find the hook like spines on the eighth and twelfth 
segments. 

NordqYist and Forbes are in agreement in regard to the terminal teeth 
of the mandible, but Forbes finds one seta instead of the two figured by 
NordqYist; in this respect my obserYations confirm those of Forbes. The 
accessory spines haYe been CYident in my preparations. It would seem 
then, that unless L. macrurus is susceptible of local Yariations — a highly 
improbable supposition — that Forbes's Yariety can not stand, for the only 
point of difference on which it rests is the existence of one seta on the 
mandible instead of two. 

The second joint of the second maxiUipede differs slightly from Nord- 
QYist's figure, and I haYe accordingly figured it. (PI. V, fig. 5.) The^ 
difference appears to me, howcYer, unimportant. 

It is impossible to tell whether our species may not differ from the 
European in the armature of the antenna, as that was not worked out in 
detail by NordqYist. In regard to the sensory setae, he simply states that 
they are present on some of the segments, but does not state their number. 

In the female, claYate sensory setae are present on all joints except the 
4th, 20th, 21st, 22d, and 24th. The setae are distributed as follows: the 
first joint has three; there are two on the 2d, 3d, 5th, 7th, 9th, 10th, 11th 
13th to 19th inclusiYe, and 22d to 24th inclusiYe; the 4th, 8th, 12th 2QtlL^ 
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«nd 2l8t have one seta; the 6th has none; the 25th has four setse^ one of 
which is plumose; the 8th and 12th have, in addition to the ordinary and 
sensory setse a hook-like spine. 

The left antenna of the male is armed like the female antenna. 

The right antenna of the male is 22- jointed, the 19-21 being united in 
one, and the 22d and 23d. The joint is between the 18th and 19th. The side 
of the 17th is produced into a blunt spine, and the 18th and 19th are armed 
on the inner margin with rows of minute spines. The number of the sensory 
aetsd is the same as in the left antenna and in the antenna of the female, 
and not greater as stated by Nordqvist. In fact the differences in the 
armature of the right and left antennae are only apparent, and are occa- 
sioned by the coalescence of the 19th-21st and the 22d and 23d joints. 

It has seemed beat to me to figure the swimming feet and describe them 
in some detail, in order to get a basis of comparison with similar forms. 

In the first foot both the first and second basal joints are armed inter- 
nally with a plumose seta. The first two joints of the exopodite have no 
external spines; the terminal joint has two external spines, two apical 
set»— the outer spinulose on its outer margin— and three internal setse. 
^he terminal joint of the endopodite has one internal seta, two apical, and 
three internal. 

The second, third and fourth feet have no seta on the second basal joint, 
and the first and second joints of the exopodite have each an external spine. 
In all the feet except the first there are groups of two or three minute 
spines at the bases of the spines of the exopodite. 

The second and third feet are alike. The terminal joint of the exopo- 
dite has four internal setae, and the terminal joint of the endopodite has 
two external setae and four internal. 

The fourth foot is like the second and third except that the terminal 
joint of the endopodite has three internal setae. The fifth feet have no 
setae on the basal joints. The second joint of the exopodite in the female 
is prolonged internally into a hook-like expansion. The exopodites of the 
male are two jointed, the terminal joints having a peculiar construction 
more easily understood from the figure than from any written description. 
The terminal joints of the endopodite in both male and female are armed 
^ith two external, two apical, and two internal setae. 



FAMILY CYCLOPIDJE.— Genus CYCLOPS Muller. 

KEY TO SPECIES OF CYCLOPS. 

* 

Antennae 17-jointed, 

Fifth foot one-jointed, armed with one spine and two 

long setae — a large species of dark color, ater. 

Fifth foot two- jointed. 
Second joint of fifth foot armed with seta and short 
spine, 
Terminal joint of outer branch of swimming feet 
armed externally with three spines, 

Furca of moderate length — occurring in pools, Americanus. 

Furca elongated, outer f ureal seta abbreviated to a 
short, thick Bpine — ^limnetic in habit, brevispinosus. 
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Terminal joint of otrter ramus of swimming feet 

armed externally with two spines, parens. 

Second joint of fifth foot with two terminal setae, 

Eurca short — occurring in pools, navus. 

Furca elongated — limnetic in habit, . puhhellus. 

Second joint of fifth foot with one terminal and one 

lateral seta, LeuckartL 

Second joint of fifth foot with three setae, 

With clavate seta on twelfth antennal segment, 
inner margin of furca not beset with hairs, egg- 
sacs lying away from abdomen, albidus. 

Sensor]^ hair on twelfth antennal segment, inner 
margin of furca beset with hairs, egg-sacs close 

to abdomen, fuscus. 

Antennae 16- jointed , fifth foot three- join ted , modestus. 

Antennae 12-jointed, fifth foot one-jointed, 

Furca variable in length, armed externally with a row of 

fine spines, serrulaius. 

Furca short, without armature of spines — a small limnetic 

species, fiuviatilis. 

Antennae 11-jointed, 

Swimming feet 3-jointed, phaleratus. 

Swimming feet 2-jointed, bicolor. 

Antennae 8-jointed, fimbriatus. 



Cyclops ater Herrick. 
Plate YI, figs. 1-4, 6, and 12. 

1882. C. ater Herrick, p. 228, pi. Ill, figs. 9-12. 
1884. ** " " p. 145, pi. Q, figs. 9-12. 

1887. " " " p. 14. 

The cephalothorax is oval, nearly as broad as long, with the lateral 
angles produced eaudally. The first segment equals two-thirds the total 
length of the cephalothorax. 

"file antennae are 17- jointed, about as long as the cephalothorax, its seg- 
ments having the typical armature of the Cyclopidce. The last two seg- 
ments have a smooth hyaline lamella, which in the last segment projects 
as a flat, blunt process beyond the end of the joint. 

The abdomen is of moderate length, the last segment being armed 

posteriorly with a row of fine spines. The furca is rather more than twice 

as long as its width. The lateral spine is situated near the end. Of the 

> terminal setae, the outer is slightly shorter than the inner, the second is 

about twice as long as the outer, and the third about three times as long. 

The swimming feet are armed as follows: 

FIRST FOOT. 

Outer br. ex. 3 spines. Inner br. ex. 1 seta. 

ap. 2 setae. • ap. 1 spine, 1 seta, 

in. 3 Betsd. in. Z a«^». 
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SECOND AND THIRD •PEET. 

Outer br. ex. B spines. Inner br. ex. 1 seta^ 

ap. 1 spine, 1 seta. ap. 1 spine, 1 seta, 

in. 4 setae. in. 8 setae. 

FOURTH FEET. 

Oater br. ex. 2 spines. Inner br. ex. 1 seta. 

ap. 1 spine, 1 seta. ap. 2 spines, 

in. 4 setae. in. 2 setae. 

The fifth foot is one-jointed, and armed with a stout spine and two long 
setae. 

Average length 1. 77 mm. 

A large, very robust form, of striking appearance because of its deep 
colors. The colors of the St. Clair specimens were as follows: antennae, 
antennules, swimming feet and furcal setae dark blue, almost black. The 
caudal margins of the cephalothorax have the same color. On each side 
of the abdomen, and extending to the ends of the f urcae is a strip of the 
same color but darker. Borders of the cephalothorax tinged with green. 
Oviducts white. The ovary is orange. 

To the naked eye it resembles closely in form, size, and color an Arre- 
nurus with which it is found associated. This may be a case of protective 
mimicry. 

This species was originally described by Herrick in 1882, and is men- 
tioned by him in his succeeding reports of 1884 and 1887, but has been 
noted by no other author. It was discovered by Professor Eeighard in 
the St. Clair collections, and was worked out very thoroughly by him. It 
is from his notes that the above description is taken. 

This seems to be a somewhat rare form in this region. I have found a 
few individuals in Bush Lake, Wisconsin, and in Michigan, besides in the 
St. Clair collections, have found it in Twenty-Sixth Lake, Intermediate 
Lake and Susan Lake. Where it occurs it is easily detected because of its 
large size and prominent colors. The specimens from Bound Lake had 
more of the red color, so much so that this, on a superficial examination, 
seemed to be the most prominent color. 



Cyclops brevispinosus Herrick. 
Plate VII, fig. 12. 

1884. C. brevispinosus Herrick, p. 148, pi. S, figs. 7-11. 
1893. " " Marsh, p. 205, pi. IV, figs. 11 and 12. 

C brevispinosus occurred in the collections from Lake St. Clair, the 

Detroit river. Lake Erie, Susan Lake, Beaver Island, Intermediate Lake and 

Bound Lake. I have found it in collections from Lake Superior and Lake 

Ontario, but, curiously, never in Lake Michigan collections. 

/ 
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Cyclops pulohellus Koch. 
Plate YII, fiff. 14. 

1838. C imhhellus Koch, H. 21, pi. 2. 

1857. " bicuspidatus Claus, p. 209, pi. XI, figs. 6 and 7. 

1863. " " " p. 101. 

1863. " pulchellus Sars, p. 246. 

1870. ** bicuspidatus Heller, p. 71. 

1872. " " Pric, p. 221, fig. 6. 

1876. " •* Hoek, p. 17, pi. I, figs. 7-li; 

1880. ** pulchellus Rehberg, p. 643. 

1880. " helgolandicus Eehberg ('SOa), p. 64, pi. IV, fig. 5. 

1882. " Thomasi Forbes, p. 649, pi. IX, figs. 10, 11, and 16. 

1883. " pecUnatus Herrick, p. 499, pi. VII, figs. 25, 28. 

1883. " Thomasi Cragin, p. 13, pi. Ill, figs. 1-13. 

1884. « " Herrick, p. 151, pi. U, figs. 4, .5, 7, and 8. 

1885. " pulchellus Daday, p. 220. 

1886. " " Vosseler, p. 194, pi. V, figs. 19-28. 

1890. " " Lande, p. 50, pi. XXI, figs. 146-155. 

1891. " Thomasi Forbes, p. 707, pjl. II, fig. 8. 
1891. " bicuspidatus Brady, p. 13, pi. V, figs 1-5. 
1891. " Thomasi Brady, p. 14, pi. VI, figs. 1-4. 
1891. " bicuspidatus Schmeil, p. 27. 

1891. " " Eichard, p. 229, pi. VI, fig. 6. 

1892. " " Schmeil, p. 75, pi. II, figs. 1-3. 

1893. " Thomasi Forbes, p. 249, pi. XXXIX, figs. 9-12, pi. XL, fig. 13. 
1893. " pulchellus Marsh, p. 207, pi. IV, figs. 18-19. 

C pulchellus is the common Cyclops of the Great Lakes. It occurs 
sometimes in smaller bodies of water, but in the collections from Michi- 
gan I have not found it from any of the small lakes except Pine Lake and 
Bound Lake. 

According to Forbes ('82 b) G, pulchellus and the Diaptomi form the 
greater part of the food of the young white fish. 

Cyclops parous Herrick. 

1882. d parcus Herrick, p. 229, pi. VI, figs. 12-15. 

1884. '' " ' p. 148, pi. R, fig. 22. 

1893. " *' Marsh, p. 208, pi. IV, fig. 16, pi. V, fig. 1. 

I have found C. 2>arcus only in the collections from Lake St. Clair. 

Cyolops leuckarti Sars. 
Plate VII, fig. 15. 

1863. C, Leuckarti Sars, p. 239. 

1874. " simplex Poggenpol, p. 70, pi. XV, figs. 1-3. 

1875. " temiicornis IJljanin, p. 30, pi. IX, figs. 12 and 13. 

1876. " Leeuwenhoekii Hoek, p. 19, pi. Ill, figs. 1-12. 
1880. " simplex Eehberg, p. 542. 

1884. " " Herrick, p. 150. 
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1884. C oithonoides Herrick, p. 150, p). S, figs. 2-6. 

1885. " Leuckarti Daday, p. 218. 
1885. " simplex Daday, p. 236. 

1885. " pedinattis Daday, p. 223, pi. I, figs. 7-13. 

1886. " simplex Vosseler, p. 193, pi. IV, figs. 15-17.* 

1887. " " Herrick, p. 17, pi. VII, fig. 1, a-j. 
1890. " " Thallwitz, p. 79. 

1890. " " LaDde, p. 55, pi. XVI, figs. 42-45 ; pi. XVII, figs. 46-50. 

1891. " Leuckarti Schmeil, p. 25. 

1891. " edax Forbes, p. 709, pi. Ill, fig. 15; pi. IV, figs. 16-19. 

1891. " Scourfeldi Brady (?) p. 10, pi. IV, figs. 1-8. 

1891. " Leuckarti Eichard, p. 230, pi. VI, fig. 20. 

1892. ** ** Schmeil, p. 57, pL III. figs. 1-8. 

1893. " " Marsh, p. 209, pi. IV, fig. 17; pi. V, figs. 2-6. 

I have no doubt that, as stated by Schmeil, C, Leuckarti Glaus and C. 
Leuckarti Sars are identical, and that possibly by strict laws of priority 
Clans should be given as authority for the name. Yet, as the description 
by Glaus is not only imperfect, but in many respects inaccurate and mis- 
leading, I have preferred to retain the designation of C, Leuckarti Sars. 
Other points in the synonomy are discussed in Schmeil '92 and Marsh '93. 

As would be expected, this species was distributed almost universally itl 
the waters examined. 

Cyclops pusous Jurine. 
Plate VI, figs. 5, 7 and 11. 

1820. Monoculus quadricornis fuscus Jurine, p. 47, pi. II, fig. 2. 

1841. C. signatus Koch, H 21, pi. VIII. 

1850. *' quadricornis var. c Baird, p. 203, pi. XXIV, fig. 5. 

1857. " coronatus Glaus, p. 29, pi. I, fig. 5, and pi. II, figs. 1-11. 

1863. " " " p. 97, pi. II, fig. 16; pi. X, fig. 1. 

1863. " signatus Sars, p. 242. 

1863. " coronatus Lubbock, p. 199. 

1870. " ** Heller, p. 71. 

1872. " " Pric, p. 218, fig. 12. 

1876. " " Hoek, p. 12. 

1878. *' signatus Brady, p. 100, pi. XVII, figs. 4-12. 

1882. " tenuicornis Herrick, p. 227, pi. V, fig. 14; pi. VI, figs. 1-11, 

and 20. 

1884. " tenuicornis Herrick, p. 153, pi. E, fig. 16; pi. Q*, figs. 8-11, 

and 20. 

1885. " signatus Daday, p. 208. 

1886. " " Vosseler, p. 189, pi. IV, figs. 6-10. 

1888. " fuscus Sostarig, p. 58. 
1890. " signatus Thallwitz, p. 79. 

1890. " " Lande, p. 33, pi. XV, figs. 1-12. 

1891. " " Brady, p. 6, pi. 2, fig. 5. 
1891. " fuscus Richard, p. 223, pi. VI, fig. 6. 

1891. " " Schmeil, p. 22. 

1892. " " " p. 123, pi. I, figs. l-7b; pi. IV, fig. 2. 
JSP^/, " signatus Marsh, p. 211. 
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In my paper on the Wisconsin Cydopidce ^nd Calanidce ('93), agreeing 
with Eferrick and Brady, I expressed my belief that the two forms here 
called /uscus and albidus^ the coronatus andtenuicomis of Glaus, belonged 
to the same species, fuscus being the more mature form. Since writing 
that paper I have examined a large number of specimens from widely 
separated localities, and I must acknowledge that I was wrong, and that, as 
stated by Schmeil ('92), the two forms must be considered distinct, for I 
have been utterly unable to find the connecting forms. The points of dif- 
ference, as stated so elaborately by Schmeil, hold good for the American 
specimens. C. fuscus has a sensory hair on the twelfth antennal segment, 
the hyaline lamella of the 17th segment deeply notched, the third segment 
of the antennule short, the inner borders of the furca thickly beset with 
hairs, and the egg sacs lie close to the abdomen, while C. albidus has a 
clavate seta on the twelfth antennal segment, the membrane of the 17th 
segment serrate or smooth, the inner borders of the furca either without 
hairs or with only fine hairs, and the egg sacs lie separated from the abdo- 
men. These characters, with the greater size of U, fuscus, serve to dis- 
tinguish the species, while the less evident characters mentioned by 
Schmeil are easily demonstrated. 

One characteristic not mentioned by Schmeil I have found constantly in 
my specimens. The larger of the two terminal spines of the endopodite 
of the fourth foot, instead of being serrated on its edges as is customary 
in all the spines of the swimming feet, is beset on its inner margin with 
long, rather irregular teeth, as shown in the plate. (Plate VI, fig. 7.) If 
this peculiarity exists in the European forms, it would seem probable that 
it would have been noted by some observer, but I have nowhere seen an 
account of it; It may serve then to indicate a slight variation from the 
European type. 

I have found C. fuscus in the Michigan collections from only one 
locality. Intermediate Lake. I have found it in several Wisconsin locali- 
ties, though nowhere abundantly, and it is probable that it occurs in other 
localities in Michigan. 

Cyclops AiiSiDus Jurine. 
Plate VI. figs. 8-10. 

1820. Monoculus quadricomis albidus Jurine, pp. 44 and 47, pi. II, 

figs. 10 and 11; pL III, fig. 24. 

1841. C. annulicomis Koch, H 21, pi. VI. 

1850. " quadricomis var. 6 Baird, p. 202, pi. XXIV, fig. 4. 

1857. " tenuicomis Olaus, p. 31, pi. Ill, figs. 1-11. 

1857. " pennatus Olaus, p. 35, pi. Ill, figs. 12-17. 

1863. " tenuicomis Olaus, p. 99, pi. I, fig. 3; pi. II, fig. 17; pi. IV, 

fig. 5. 

1863. " tenuicomis Sars, p. 242. 

1863. " annulicomis Sars, p. 243. 

1863. " tenuicomis Lubbock, p. 202. 

1870. " tenuicomis Heller, p. 71. 

1872. " " Pric, p. 219, fig. 12. 

1874. " Clausii Poggenpol, p. 70, pi. XV, figs. 4-14. 

1875. " signatus Uljanin, p. 29, pi. IX, figs. 6-11; pi XI, fig. 8. 

1876. " " Hoek, p. 12, pi. I, figs. 1-4. 

3 
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1878. C. tenuicornis Brady, p. 102, pi. XVII, figs. 1-10. 

1882. " " Herrick. 

1883. " " Oragin, p. 3, pi. II, figs. 1-14. 

1883. " signatus yet. fasciacornis Cragin, p. 2, pi. II, fig. 15. 

1884. " tenuicornis var. a Herrick, p. 153, pi. Q*, figs. 1-7. 

1885. " " Daday, p. 211. 

1886. " " Vosseler, p. 189, pi. IV, figs. 6-10. 
1888. '^ albidus Sostarig, pi. I, figs. 3, 4 and 12. 
1890. " tenuicornis Thallwitz, p. 79. 

1890. " " Lande, p. 36, pi. XVI, figs. 22-32. 

1891. " gyrinus Forbes, p. 707, pi. II, fig. 9; pi. Ill, fig. 14. 
1891. " albidus Schmeil, p. 23. 

1891. " annulicornis and tenuicornis Eichard, pp. 224-226. 

1892. " albidus Schmeil, p. 128, pi. I, figs. 8-14b; pi. IV, fig. 2. 

1893. " signatus Marsh, p. 211, pi. V, figs. 7-9. 

Schmeil states that the antennae of C. albidus are armed with crowns of 
spjipes as in the case of C fuscus. This seems to be rarely true in onr 
forms. Although I have examined with great care large numbers of mature 
females, it is only in very few specimens that I have found this peculiar 
armature. The membrane of the terminal antennal segment is ordinarily 
serrate. The common form corresponds to the annulicornis of Sars and 
Eichard, which, according to Schmeil, Eichard now allows to be a variety 
of albidus. The distinguishing characteristic of annulicornis is the rudi- 
mentary seta of the inner margin of the terminal segment of the endopo- 
dite of the fourth foot. This is represented in most of my specimens only 
by a minute spine. (PI. VI, fig. 9.) In two individuals I have found in 
place of this minute spine a short seta. (PI. VI, fig. 8.) In these two speci- 
mens the circlets of spines were present on the 8th, 9th, 10th, 12th, 13th, 
and 14th segments. It was this form evidently that Oragin called C 
tenuicornis ('83 pi. II, figs. 1-14), as is shown very clearly by the figures 
of the fourth foot and antennule, although he did not figure the circlets 
of spines on the antennal segments. C, signatus var. fasciacornis Cragin, 
it is not possible to identify with certainty, although it seems probable 
that it is albidus. C. gyrinus Forbes does not have the antennal circlets of 
spines, but does have a short seta instead of a minute spine on the fourth 
foot, thus agreeing with Oragin's figures of C, tenuicornis. This would 
seem to be intermediate between the two forms I have seen. It is difficult 
in such a case to tell just where the limits of species should be drawn, for 
we are entirely ignorant of the life histories of the forms, and it is certain 
that the Cyclopidce have wide limits of variation. It seems to me safer, 
for the present, at least, to consider such minute differences as varietal, and 
not to increase the number of species. 

C. albidus is not very abundant, but occurred in many of the St. Clair 
collections, and in some of those from other points in Michigan. It is a 
universally distributed species, but does not occur in great numbers. 

Cyclops pldviatilis Herrick. 

1882. a fluviatilis Herrick, p. 231, pi. VII, figs. 1-9. 

1883. " magnoclavus Cragin, p. 5, pi. II, figs 14-23. 

1884. '* fluviatilis Herrick, p. 159, pi. Q^ figs. 1-9. 
1887. " " Herrick, p. 15. 
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1891. C magnoctavus Brady, p. 19, figs. 1-4. 

1893. " fluviaUlis Marsh, p. 2U, pi. V, figs. 14 and 15; pi. VI, fig. 1. 

C. fluviaUlis occurs in most of the limnetic collections in all except the 
smallest bodies of water. 

Cyolops serrulatus Fischer. 

1851. a serriilatus Fischer, p. 423, pi. X, figs. 22, 23, 26-31. 

1853. •* " Lilljeborg, p. 158, pi. XV, fig. 12. 

1857. " " Olaus, p. 36, figs. 1-3. 

1863. " " Sars,p. 254. 

1863. " " Clans, p. 101, pi. I, figs. 1 and-2; pi. IV, fig. 12; pi. 

XI, fig. 3. 

1863. " " Lubbock, p. 197. 

1870. " " Heller, p. 72. 

1872. " " Fric, p. 222, fig. 18. 

1875. " " Uljanin, p. 34, pi. VIII, figs. 1-8. 

1878. " " Brady, p. 109, pi. XXII, figs. l-«. 

1878. " '' var. monianus Brady, p. 110, pi, XXII, figs. 7-14. 

1880. " agilis Eehberg, p. 545. 

1882. " " Forbes p. 649. 

I882! " serrulatus Herrick, p. 230, pi. V, figs. 1-5; pi. VII, fig. 10. 

1883. " pectinifer Cragin, p. 6, pi. IV, figs. 1-7. 

1884. " serrulatus Herrick, p. 157, pi. O, figs. 17-19. 

1884. " " var. elegans Herrick, p. 158. 

1885. " agri7is Daday, p. 240. 

1886. '* " Vosseler, p. 190, pi. V, figs. 29-31. 
1890. " " Thallwitz, p. 79. 

1890. " " Lande, p. 60, pi. XVII, fig. 69; pi. XVIII, figs. 70-80. 

1891. " serrulatus Schmeil, p. 29. 

1891. " " Eichard, p. 234, pi. VI, figs. 6-12. 

1891. " agilis Forbes, p. 710. 

1892. " serrulatus Schmeil, p. 141, pi. V, figs. 6-12. 

1893. " " Marsh, p. 215, pi. VI, figs. 2-5. 

This well known species occurs everywhere in Michigan waters and with 
the same variations in structure which I have noted in the collections 
made in Wisconsin. (Marsh '93, pp. 215-216.) 

CrCLOPS PHALERATUS Koch. 

1838. C. phaleratus Koch, H 21, pi. IX. 

1851. " canthocarpoides Fischer, p. 426, pi. X, figs. 24, 25, 32-38. 

1853. '* " Lilljeborg, p. 208. 

1857. " " Claus, p. 37, pi. I, figs. 6-10. 

1863. " " " p. 102, pi. IV, figs. 1-4. 

1863. " " Lubbock, p. 202. 

1863. " phaleratus Sars, p. 255. 

1872. " canthocarpoides Fric, p. 223, fier. 19. 

1874 " lascivus Poggenpol, p. 72, pi. XV. figs. 22-24; pi. XVI, figs. 

7 and 8. 

1875. " phaleratus Uljanin, p. 38, pi. IX, fiers. 1-5. 

1878. " " Brady, p. 116, pi. XXIII, figs. 7-13. 

1882. " adolescens Herrick, p. 231, pi. VI, figs. 15-20. 
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C perarmatus Cragin, p. 7, pi. I, figs. 9-18. 
phaleratus Herrick, p. 161, pL R, figs. 6-10. 
Daday, p. 252. 

Herrick, p. 14, pi. VII, figs. 2, a-d. 
Sostarig, p. 74, pi. II, figa 21-22. 
Lande, p. 75. pi. XX, figs. 126-136. 
Schmeil, p. 36. 
Brady, p. 25, pi. IX, fig. 2. 
Richard, p. 238, pi. VI, fig. 12. 
Schmeil, p. 170, pi. VIII, figs. 1-11. 
. Marsh, p. 216, pi. VI. figs. 6 and 7. 

I have found C. phaleratus in the collections from only three localities, — 
Lake St. Clair, Intermediate Lake, and Twenty-sixth Lake. Very little 
attention, however, was paid in the collections to the smaller lakes and 
stagnant pools, and it is probable that in such localities it occurs generally 
distributed through the State. 

Ctolops bioolob Sdrs. 
Plate I, figs. 5-7. 

1868. a bicolor Sars, p. 258. 

diaphanus Rehberg, p. 547. 

Herrick, p. 160, pi. R, fig. 12. 
Daday, p. 246. 
brevisetosus Daday, p. 255, pi. Ill, figs. 3, 5 and 10. 
diaphanus Herrick, p. 16, pi. VII, figs. 3 a-e. 

" Lande. p. 67, pi. 18, figs. 91-98. 

bicolor Schmeil, p. 34. 
diaphanus Richard, p. 236, pi. VI, fig. 26. 
bicolor Schmeil, p. 118, pi. Yl, figs. 6-13. 
" Marsh, p. 217. 



1880. 
1884. 
1885. 
1885. 
1887. 
1888. 
1891. 
1891. 
1892. 
1893. 






I have found C. bicolor in the collections from three of the Michigan 
lakes — ^Lake St. Clair, Intermediate Lake, and South Lake on Beaver 
Island. Doubtless more thorough collections from small lakes and stag- 
nant pools would furnish other localities, though this species seems to be 
nowhere very abundant. I have found, in a collection from a lake in 
northern Wisconsin, an egg-bearing female with ten-jointed antennae, the 
fourth and fifth joints of the eleven-jointed variety being united in one. 
Unless this specimen should be considered a monstrosity, we would infer 
that this species can reproduce in either the ten or eleven-jointed stage. 

I have added to the synonomy as previously given C brevisetosus Daday. 
I do not feel certain of the identity of the two forms, and yet it seems to 
me probable that they are the same. I can not read the Hungarian, but 
from the Latin synopsis and the figures I can not help thinking that 
brevisetosus is the same as bicolor. The points of difference are the fol- 
lowing. The f urea of brevisetosus is longer than in typical bicolor. The 
armature of the swimming feet does not correspond to Daday's description, 
but the one figure which he gives of a swimming foot closely resembles 
the structure of bicolor, and does not correspond to his own description. 
The antennae of brevisetosus are ten-jointed, but they correspond exactly to 
the structure of mv ten-jointed specimen of bicolor. In all other respects 
the descriptions agree. 
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EXPLANATION OF PLATES. 

PLATE I. 

# 

Fig. 1. Diaptomus Reighardi — fifth feet of female x 340. 

2. " " abdomen of male x 195. 

3. " " fifth feet of male x^223. 

4. " " abdomen of female x 190. 

5. Cyclops bicolor — abdomen of female x 269. 

6. " " antenna* of female x 333. 

7. '' ^' 10-jointed antenna of female x 325. 

PLATE II. 

Fig. 1. Epiachura lacustris — antenna of female x 113. 



2. 
3. 
4. 
5. 
6. 



it 
i< 
l( 



right antenna of male x 113. 
antennule x 113a. 
mandible and palpus x 217. 
second maxillipede x 217. 
first maxillipede x 217. 



PLATE IIL 



Fig. 1. Epischura lacustris — first foot x 217. 
2. " . " second foot x 153. 



3. 
4 
5. 



it 



" fifth foot of female x 217. 

'^ fifth foot of male x 153. 

'^ abdomen of female x 113. 



6. '* ^^ abdomen of male x 113. 
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PLATE IV. 

Fig. 1. L. macrurus — right antenna of male x 275. 
2. '^ '' left antenna of male x 275. 

PLATE V. 

Fig. 1. L. macrurus — first foot x 275. 

2. " •* second foot X 275. 

3. '* " fifth foot of female X 275. 

4. " " fifth foot of male X 275. 

5. '^ ^' second and third joints of second maxillipede x 

275. 

PLATE VI. 

Pig. 1. Cyclops ater — abdomen of male x 146. 

2. '^ '^ receptacnlum seminis x 113. 

3. " " fourth foot X 113. 

4. *' '' 11th, 12th, and 13th antennal segments of 

female x 113. 

5. " fuscus — terminal joints of female antenna x 217. 

6. " ater — terminal joints of female antenna x 217. 

7. " fuscus — terminal joint of endopodite of fourth foot x 

217. 

8. " albidus — terminal joint of endopodite of fourth foot 

x280. 

9. " " terminal joint of endopodite of fourth foot 

X 280 

10. " " antennule X 217. 

11. " fuscus — antennule, first three joints x 217. 

12. " ater — outline of cephalothorax of female x 108. 

PLATE VII. 

Fig. 1. Diaptomus sidlis — fifth feet of male x 140. 

2. " Ashlandi — fifth feet of male x 140. 

3. " minutus — fiftji feet of male x 140. 

4. " " fifth foot of female X 250. 

5. " oregoneiisis — fifth feet of male x 140. 

6. " pallidus — fifth feet of male x 200. 

7. " leptopus — fifth feet of male x 138. 

8. " sanguineus — fifth feet of male x 138. 

9. " Birgei — fifth feet of male x 136. 

10. " sanguineus — terminal joints of male antenna x 136. 

11. " sidlis — terminal joints of male antenna x 136. 

12. Cyclops brevispinosus — fifth foot x 250. 

13. " modestus — fifth foot x 250. 

14. " pulchellus — fifth foot x 250. 

15. " Leuckarti—Mth foot x 250. 

PLATE VIII. 

Sketch map of Lake St. Clair and vicinity, showing collecting stations. 

PLATE IX. 

Sketch map of Charlevoix and vicinity showing collecting stations. 
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4 INTRODUCTION. 

was looated a small batobery of the CommissioD, famished abundant 
oonveDienoes in the way of aquaria, and running water for the permanent 
aooommodation of fish and larger forms. In this building, whiob was 
located on a fine dock, were kept the nets, dredges, trawl and other large 
apparatus. The laboratory proper was well equipped with tables for micro- 
soopio work and shelves for books, glassware and other neoessities. A 
couple of tables in the center of the room held small glass aquaria and a 
zinc topped table near the south side afforded an opportunity for saoh 
work as required running water. Immediately north of the laboratory 
was a small dock from which pure water could be dipped out of Bound 
Lake, and where in fact on more than one occasion various young fry 
were landed with a simple dip net. (See PI. IV.) 

The laboratory was well equipped with glassware, reagents, etc., by the 
Fish Commission, and the various forms of collecting apparatus were also 
provided by them. Most of this was the same as that used the previona 
year and was sufficiently described in Professor Reighard's report. In 
addition there was used a small trawl of six feet beam and a new form of 
towing net for surface work, known as the ** torpedo." The trawl was of 
the ordinary type and the torpedo net is described elsewhere in this report. 
A rake dredge of the type ordinarily employed in marine work was made 
for our use and proved highly satisfactory in many localities. To the 
University of Michigan the party was indebted for the loan of numerous 
microscopes and accessories, various laboratory apparatus and finally an 
extensive library of special literature. Especial thanks are due the I7ni- 
versity authorities for their cordial cooperation in the underaking. 

Small boats served the purposes of the party for the preliminary work 
and for occasional short excursions. Later a sailing boat of some size 
was tried for work on Lake Michigan, but proved too uncertain for con- 
tinued use, and for the extended trips on the lakes in connection with the 
plankton work of the last three weeks a small fishing tug was chartered. 
This was the ^'Minnie Warren," of 13 tons capacity. Her captain, John 
O'Neil, has been a successful fisherman for many years and is well 
acquainted with all the shoals and reefs of the region on which fishing is 
or has been profitably pursued. We were thus enabled to ascertain the 
exact location of exhausted fishing grounds and to make colleotions on 
them for comparison with material obtained from other points. In gen- 
eral, only single day trips were made, but on one occasion a longer trip of 
three days to Beaver Island was planned. The first day was spent in 
making collections at various points en route. It had been planned to 
investigate the fishing grounds near the island on the second day and 
return the third by a different route, but a severe storm on the second day 
upset our calculations and forced us to spend the larger part of the second 
day in harbor and on the island, and to condense the work of the second 
and third days into the last. The route of the party may be followed on 
the map by the numbers of the plankton stations; ix to xiii were made 
the first day; the night was spent in the harbor at the northern end of 
the island; xiv was made the second day before the storm broke, after 
which we returned to the harbor for a compulsory stay of 24 hours, and 
XV to xvii were stations on the return route of the third day. On the first 
day some of the party were landed at the lower end of the island and 
visited the ^mall inland lake there, and on the morning of the third day, 
while it was yet too rough for work outside, a trip was made to the lake 
in the nortbern part of the island. Co\\eoV\OTi^ ^«t^ t&,ken from these 
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made oolleotions are indioated on the map by arabio numerals; from 
these the oonsiderable extent of this assistanoe may easily be estimated. 

The laboratory was honored by numerous visitors, including some 
soientifio men of prominenoe, who made stays of varying lengths while 
investigating special problems. Professor W. A. Looy, of Lake Forest 
University, spent some time there in researches on fish embryologv, and 
Professor C. K. Wheeler, of Miohigan Agricultural College, was called to 
Charlevoix by the discovery of a member of our staff that the Russian 
Thistle was growing in the vicinity of the laboratory. This was the first 
reported occurrence of this pest in the lower peninsula. But a small 
number of plants were found, these in a limited area near the shore and 
not yet mature. Their timely destruction undoubtedly prevented the 
species from obtaining a foothold in the region and saved the State a 
considerable expense for its eradication. Miss Weidemann, of Miohigan 
University, also spent some time in the laboratory, being engaged in the 
study of various fish fungi. 

Mr. Dwight Lydell and Mr. Jesse P. Marks, old and skilled employes 
of the Fish Commission, devoted their time and energy to assisting the 
work of the party in various ways. The collections of parasites and of 
fish stomachs were particularly due to their efforts. 

Collections were made and sent |o the following persons, who have 
agreed to report upon the same : ^ 

Dr. Q. Eisen, San Francisco; Oligochseta. 

Dr. B. Blanchard, Paris, France; Leeches. 

Dr. W. McM. Woodworth, Harvard University ; Planarians. 

Dr. C. B. Davenport, Harvard University ; Bryozoa. 

During the first five weeks the energies of all were devoted to qualita- 
tive work on the flora and fauna of the waters. Tows at surface and bot- 
tom were taken and examined in the morning, and the afternoon was used 
for collecting trips to varioas points. In this way there was obtained a 
general picture of the life, first in Bound Lake on which the laboratory 
was located, then of Pine Lake and finally of Lake Michigan. Lists were 
kept of the forms identified, and for this purpose the blank reproduced 
by Beighard (p. 10) was employed. It should be said that this collective 
blank, which nas been in use for years at the Agassiz Marine Laboratory 
in Newport, is a form compiled and introduced by Dr. W. McM. Wood- 
worth, of Harvard University. The season at Charlevoix was the second 
year of its use for lake work, and it has continued to answer its purpose 
admirably and with very little modification. The blank for recording 
parasites and that for individual species, given by Beighard (p. 9), were 
also used at Charlevoix. During our stay it was customary to send some 
one of the assistants out on fishing tugs from time to time, and to secure 
in that way specimens of various fish for investigation ; the stomach con- 
tents of a large number and the parasites of others were obtained and 
preserved for study. 

While the party was thus engaged in recording the mutual relations of 
the life in the waters, information was secured at the same time as to the 
character of the waters, of the fishing grounds and of the fish supply. All 
these were made the basis of the last three weeks work, the quantitative 
plankton studies, which are treated in detail later. !^r". ! 

To the United States Fish Commission, through Commissioner Mar- 
shall MacDonald, the party was greatly indebted for the loan of valuable 
apparatus. At the request of President Whitaker, of the Michigan Board, 
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Mr. MaoDonald sent for use in Charlevoix a Tanner deep sea soundiDs 
machine* of improved pattern, a Sigsbee water bottle, and a set oi 
Negretti and Zambra deep sea thermometers*, with Tanner improved 
thermometer oases and acoessories. This apparatus was in constant use 
on our trips; by means of it the depth of all stations was measured, and 
the temperature of the water taken at bottom and surfaoe. It proved 
oonvenient, prompt in aotion and was invaluable for our work. The only 
step necessary in riggins it in the fishing tug was to bore a hole of 
proper diameter in the side rail, fit a step on the deck below to hold the 
foot and run guy lines in two directions from the apex of the instrument. 
By a movement of the hand it could be turned out over the rail ready to 
use or brought back into a resting position. After the return of the 
apparatus, (%mmissioner MacDonald had a table constructed for calculat- 
ins the readings of the register on the sounding machine, and sent the 
table for use in connection with the records of the summer. The sincere 
thanks of the party are due to Commissioner MacDonald and the United 
States Fish Commission for the courtesies thus extended to us. 

In connection with the search for young whitefish it was of advantage 
to have specimens for comparison, and Messrs. Smethurst and Thompson, 
of Warren, Ind., were kind enough to send a number of specimens raised 
in their fish ponds. The approximate size of the fish at a certain age, 
and its general appearance, were known to us in this way. For these 
specimens sent gratuitously in the interests of fish culture our thanks are 
due the firm. 

"While in Charlevoix the party was in receipt of a large number of 
courtesies from various sources. To acknowledge them in detail would be 
impossible here. They helped the work materially and aroused in mem- 
bers of the party a friendly feeling towards the place and its residents 
which will not soon be lost. 

^ ▲ d0tailed desoription of the apparatoB may be found in Beport U. S. Fish Com., 188S, p. 57-76, plates 

»toa». 

NoTB.— I feel that an apolbcy is doe' to the Ck>mmission, and no less to the Tarioos members infthe 
party for the delay in the appearance of the Ibial report. For this I am alone responsible and can only 
say that the delay has been entirely nnaroidable. 
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Lake Miobigan stretohes from 41*" 40' to 46° 5' north latitude, and 
from about 85^ to about 88^ west longitude; its surface lies at an elevation 
of about 600 feet above the sea. The lake has the form of an elongated 
oval extending in general north and south, but the narrower northern end 
curves decidedly towards the east, so that the western and northern shores 
form with the continuous shore of Lake Huron a nearly regular semi- 
circle. The extreme length of the lake is about 345 miles; its width is 
greatest opposite Grand Haven, being there 85 miles and decreasing 
slightly in both directions, more towards the northern extremity of the 
lake. At its northeastern end the Straits of Mackinac connect with Lake 
Huron by an open passage 8 miles wide. 

Lake Michigan averages 400 feet in depth, and in some places reaches 
the extreme of 900 feet or more. Its area is variously given as 22,400 to 
25,600 square miles, making the total volume reach 262,500,000 millions 
of cubic feet, according to one computation.* This enormous volume 
assures comparative stability of the entire mass since the total inflow, and 
oonsequently also the outflow are very small in comparison. It is impos- 
sible to measure the outflow on account of the size of the Straits of Mack- 
inac and the variability of the flow in them, which depends upon changes 
in conditions of wind and weather to such an extent that at times the 
outlet is the seat of a powerful current setting inwards. The inflow is 
equally difficult to measure, since the tributaries of the lake are none of 
them rivers of any size, but innumerable small streams, in which the flow 
is not only extremely variable at different seasons, but is also in most 
cases entirely unmeasured. 

One method of estimate yields, however, results which show clearly the 
minimal amount of the change even under the most favorable circum- 
stances. The entire area of the drainage basin of Lake Michigan is given 
as 70,000 square miles, and according to the same authorityf the lake cov- 
ers 23,400 square miles of that amount, or the area of the entire basin is 
only three times that of the lake itself. The normal rainfall of the region 
is given by the tables of the U. S. Weather Bureau as from 32 to 36 inches 
per annum. X A yearly precipitation of 35 inches, which is more than the 
average for these places and certainly not lesa than the normal for the 

* Not only do Tariona aathoritiee differ widely in the figoies ffiyen, but in Beoloa (90) from whom these 
etatietici are quoted, there stands in the table, p. 260, area, 25,600. depth 870, elevation 695, while the sta- 
tistioal table of the appendix to the same volume (p. 464) giyes the fiinires as 22,400, 700, and 576. 

/Encyclopedia Britaiinica, IX Bd., article on St. Lawrence. 
e^rswa &u, 88; MUwankee, 82.2; Chicago, 25; Grand Haren, 25.6 inches. (Beport of Chief of the 
mmtiiar Banaa for J391'»2, pp. mi.] 
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eDtire region, would mean a total of three times that amoant, or 105 
inohes, if all of it were oonserved and reaohed the lake. Aooordins to 
the investigations of Rassell (88), the annual evaporation from free 
water surfaoes, in this latitude varies from 20 inohes at the head of the 
lake to 34 inohes at its southern end, or about 27 inohes for the average 
of this area. Deducting this and regarding the evaporation from the land 
and from the (Streams en route to the lake as nil, we find that the level of 
the lake would be raised 78 inohes, or 6|^ feet, by the total annual rain- 
fall. Of course the amount of outflow in any single year is dependent on 
other factors as well as the rise in level by additions from the surrounding 
country, but on the average the amount gained by inflow and the amount 
lost by outflow in a single year are equal. The total change in volume 
during a year is then six and one-half feet; or, on the basis of an average 
depth of 400 feet, it would require 62 years to change the entire volume 
of the lake. This is certainly too much, since the loss by evaporation 
from the land and from streams in transit is a considerable percentage of 
the total. I am unable to find any definite information as to the amount 
lost in this way ; if, however, it equals one-third the loss from free water 
surfaoes, the deduction for an area equal to the lake would be 9 inches 
yearly, for double that area 18, which deducted from the figures given 
above would make the annual gain of the lake 5 feet. This would mean 
a change of one-eightieth of the entire volume in one year. The actual 
change is probably somewhat less than this Under these conditions one 
may justly regard the volume of the lake as stable and as such sharply in 
contrast with those which obtain in those lakes which have hitherto been 
the object of biological investigation. la Lake St. Clair, which represents 
perhaps the other extreme, the inflow and outflow are sufficient to change 
the entire volume of water in the lake in less than six days. 

Uniformity of distribution within the lake is brought about by the con- 
stant currents. These have been the subject of especial investigations by 
the U. S. Weather Bureau and the surface currents of the Great Lakes 
are given in a report by Harrington (95). From the chart of Lake Michigan 
in that atlas it appears that a general southerly current runs parallel to 
the west shore, a short distance from it, and a northerly current returns, 
the length of the lake, close to the eastern coast. In the southern end of 
the lake these currents form parts of a circular movement of which the 
upper cross current is below Grand Haven. Somewhat further north 
a broad indefinite stream sets from the western to the eastern longitudinal 
currents and near the upper end of the lake a whirling current surrounds 
the Fox and Beaver Island group. The northerly current does not seem 
to pass out through the Straits of Mackinac, through which the water 
runs in both directions at various times and under various conditions of 
wind and weather, but it is reflected towards the western shore. In 
velocity the currents vary from at least 4 to 20 miles a day, while in the 
extreme case it may reach 40 to 90 miles in the twenty-four hours. The 
movements of these currents produce then a circulation within the lake 
itself, and constitute an extremely important factor in the distribution of 
the life in the water. In addition to these regular currents there are also 
the irregular movements of the water due to winds and the so called tidal 
waves or seiches, both of which contribute to produce uniformity of 
distribution. 

The lake shore presents a great diversity of physical features. At the 
southern end the shores are flat, sandy and ^ntvi^V^ tt^^ l\^\si ^^l^^.^^x^^^ 
2 
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islands; towards the north they become higher, rocky and jagged ^hile 
the sharp proiDontories are continued into extended reefs ana series of 
islands, some few of which even attain a very considerable size. Along 
the lower half of the lake the shore is enikire or at most faintly indented t^ 
long sweeping curves, bnt northward one finds numerous deep bays 
and sharp promontories. Two great bays face each other on opposite 
shores of the lake near its upper end, forming the most prominent ^eaks 
in the entire shore, and so located as to apparently balance eaoh other. 
Green Bay on the Wisconsin shore is somewhat larger than Traverse Bay, 
its counterpart on the Michigan side, but the latter is noteworthy for its 
extreme depth. Both of these bays have long been famous fishing 
grounds, and the waters of the Traverse Bay region still continue to furn- 
ish an important part of the whitefish supply. It seemed wise to carry 
on the work frokn some central point in this region and Charlevoix was 
selected as the site for the laboratory. The town (see map^ is located on 
the eastern shore of Lake Michigan, midway between Grana Traverse and 
Little Traverse Bay. The Beaver Island group which lies to the north- 
west is CQuneoted to the mainland by the '*ten lathom" line, which marks 
out roughly the limits of an old peninsula that made this portion of the 
main lake a bay in former times. The northward current of the lake 
already referred to sweeps up through this region and circles around the 
islands. Though the opening between the islands and the mainland 
through which it runs is less than ten fathoms (18m.) deep, the path fol- 
lowed from the southward is marked by a sublaoustrine valley of con- 
siderable depth. Stations xi and xvii which lie about in the line of this 
depression show a depth of 112 and 130 meters, respectively. 

A pier of some length terminated by a lichthouse marks and guards the 
entrance to a small channel which joins Laxe Michigan to Pine Lake, one 
of the largest bodies of water within the lower peninsula of Michigan. 
Midway in the course of the stream is Bound Lake, a nearly circular 
sheet of water half a mile in diameter, the shores of which are lined by 
the docks and crowned by the houses of Oharlevoix. Here was located 
the laboratory at the very edge of the water and within easy reach by boat 
of both the main lake on the west and Pine Lake on the east (PI. lY). The 
advantages of the situation were unsurpassed for the work in hand. The 
numerous small lakes in the surrounding country afforded every advant- 
age for easy comparison of life in ponds, among which were many well 
stocked with game fish, with life in larger bodies of water. Pine Lake, 
with its 96 miles of shore line furnished wide variations in depth and 
character of bottom, while Lake Michigan in the immediate vicinity pre- 
sented areas of open water and well protected bays, shallow and ^ep 
water, with sand, cobble stone and rooky bottom. There were not want- 
ing areas generally believed to be spawning places for the whitefish, nor 
fishing grounds of present and past repute, so that it was possible to find 
within comparatively narrow limits the factors necessary to be compared 
in attempting to begin the solution of the whitefish question. 

I was unable to ascertain the exact length of shore line presented by 
Lake Michigan and hence could not calculate precisely the absolutef'and 
relative shore development. Estimates made from the government chart 
show that both are decidedly less than the figures given for Lake St. 
Glair by Beighard (p. 12). The area of shaUow water is still farther 
limited by the comparative steepness of the shore. The ten fathom line 
(J8zD,), as drawn on the chart, leaves an extremely narrow margin of 
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shallow water; and yet the limit set by this line is three times that ofrthe 
deepest point in Laxe St. Olair. The inflnenoe of the limited shore line 
and of the insignificant shallow littoral region on the conditions of exist- 
ence will be discussed elsewhere in the report. 



FLORA AND FAUNA. 

In general it may be said that the number of species found in the 
waters of the Charlevoix region was not so great as from Lake St. Olair 
the year before. Beighard reports a total of 623 species from the latter 
place, while the total number recorded from Charlevoix was only about 
500, although an equally careful search was made. The most noticeable 
di£Ference, in the number of species of plants recorded, was due in part 
to the short time which Mr. Thompson spent in Charlevoix. Some facts 
of importance concerning the various groups may be recorded in this 
connection. 

PLANTS: Of the larger plants so abundant in Lake St. Clair and in 
the smaller inland lakes it was evident at an early period in our work that 
their relative scarcity exercised an important influence in limiting the 
littoral fauna of the lakes. Beighard shows that the yield of the larser 
plants in a lake is dependent upon the amount of shallow water. To this 
may well be added as a second important factor the permanency of the 
shore, the littoral area. If, owing to storms or currents, the bottom of 
the shallow area is continually shifting, or if the beach is disturbed at 
each storm by the heavy waves rolling in from the deep water, there is 
little chance for the development of shore plants or such as grow in 
shallow water. And as a matter of fact the only considerable bed of 
larger plants which was encountered in Lake Michigan, occurred in the 
sheltered High Island Harbor. (PI. V, station xv.) 

These two factors serve to explain the limited development of the larger 
plants in the Charlevoix regioQ, and the casual visits paid by members of 
the party to inland lakes in the vicinity which resulted in the discovery 
•f much crowded masses of shore and bottom vegetation in those smaller 
and shallower lakes, ffo to strengthen the force of the conclusion. I do 
not feel sure that the deficiency in the group of filamentous algse noted 
by Mr. Thompson in his report appended to this paper, can be explained 
on the same ground alone, but certainly these factors are of some[import- 
anoe in this connection also. 

Among microscopic plants Mr. Thompson calls attention also [to the 
entire absence of Desmidise* from the waters of Lake Michigan and also 
from those of both Bound and Pine Lakes. The Diatomacese were, how- 
ever, extremely abundant, both in species and in individuals, and were 
according to Mr. Thompson's observations most plentiful in the deep 
towings. This may be due possibly to the great transparency of the water. 
A more detailed account of the plants, together with a list of the species 
determined and data on the distribution of various forms may be found in 
the report of Mr. Thompson (Appendix I, p. — ). The amount of material 
collected is actually very large if it be remembered that Mr. Thompson was 

* Two ipeoies of rare oooorronce were recorded atithe laboratory daring the sommec. 
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oalled in at a late date to fill a vaoanoy in the party, that be was able to be 
witb us only a few weeks, at tbe end of our stay in Oharlevoix, and that he 
bad to contend witb numerous difficulties apart from tbe brief time at bis 
disposal. 

In addition to tbose found by Mr. Thompson, tbe following speoies of 
microsoopio plants were recorded at tbe laboratory during tbe summer. 

Anabaena flos-aquce Kg. 
Cocconeis transversal is Greg. 
Cyclotella operculata K. 
Eurastrum inerme Lund. 
Gomphonema acuminatum Ebr. 
Merismopidia convoluta. 
Navicula major K. 

maxima, 

producta S. 
Pediastrum beryanum, 
Sfephanodiscue niagare E. 
Treybiionella scutellum Smith. 

ANIMALS: Tbe following notes on various groups of animals are 
deserving of special mention or of particular explanation in this connec- 
tion. A list of tbe groups represented in fresh water, together witb the 
common names of these groups is given by Reigbard (p. 16). 

Protozoa: A very full report on this group by Dr. C. A. Kofoid is 
appended (p. -) These forms constitute one of tbe chief elements of tbe 
plankton, furnisbine as they do the simplest animal food and being one 
immediate source of food for tbe smaller Crustacea which in turn become 
the prey of various fishes, they are an exceedingly important factor in fish 
economy. This was pointed out by Ryder (81), who, however, regarded 
the Protozoa only as an indirect source of tbe food of fishes. They are 
indeed important from this standpoint alone; but tbe work of Peck (94) 
establishes tbe value of the Protozoa and Protopbyta of tbe plankton in 
one case at least, as a direct source of food supply also. Thus far no 
fresh water fish is known to have similar habits, but investigations should 
be made as to whether tbe same is not true to some extent at least of our 
lake herring. It is interesting to note tbe confirmation in Dr. Kofoid's 
report of the absence of a littoral zone, and the freedom from shore mix- 
tures of Lake Michigan plankton, as shown by a study of tbe protozoan 
representatives. The number of species which are characteristically 
limnetic is large here, being eighteen for Lake Michigan, as compared 
with thirteen in PlOner See and seven in Lake St. Clair. These forms 
are widely distributed and none of the species seem to be exclusively 
characteristic of this region. Tbe list of species would have been con- 
siderably extended, except that our attention was confined chiefly to a 
study of tbe plaukton, while collections from the shores and from tbe 
inland lakes were obtained only casually. • 

Coelenterata: No fresh water sponges were found in tbe lakes at 
Oharlevoix. Both the white and the green Hydra were met witb occa- 
sionally in bottom tows. Their comparative rarity is unquestionably due 
to tbe scarcity of vegetation to which they ordinarily attach themselves, 
inoain the collections brought back from the inland lakes north of Oharle- 
^ix by Dr, R. H. Ward they were exoeedinglj nwrnwow^, \tx ^c^m^^aoV- 
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ties from that region the white Hydra was found in saoh numbers as to 
oonstitute the bulk of the material in the entire haul. 

Worms, a. Turbellaria: (Non-parasitio flat worms.) The follow- 
ing speoies were found on algee oolleoted from the old ohannel, Round 
Lake: 



Mesostoma viviparum Silliman. 



Microstoma lineare Or. 



Vortex sp. variabile Leidy. 

An unidentified form occurred once or twice in the bottom tow and four 
vials of specimens were set Dr. W. McM. Woodworth for identification. 
He reports two speoies found in the vials, Vortex armiger O. Schmidt, 
and Mesostoma n. sp. described later in this report together with other 
data on this group. (App. IV.) 

b. Parasitic Worms: A total of 1410 parasites were obtained from 
115 specimens representing eighteen species. These included Coregonus 
artedi, C. clupeiformis, C. prognathus, C. quadrilateralis^ and Salvelinus 
namaycush. The whitefish and trout were in some cases badly infested 
with tapeworms and Echtnorhynchi] but on the average there were fewer 
parasites than in the fish from Lake St. Olair examined the year before. 
A single free specimen of Mermis and a few of Gordius were taken from 
Round Lake and Lake Michigan respectively. 

c. Oligochaeta: These worms were not so frequently met as in the 
Lake St. Olair work. A small collection, comprising 6 vials of alcoholic 
specimens, was sent by Dr. Eisen for identification. The relative scarcity 
was due no doubt to the scanty littoral and bottom vegetation, on which 
they are commonly abundant and from which certain species were col- 
lected in large numbers in Lake St. Clair. 

d. Hirudinea: The leeches were represented by several very large 
speoies, and numbers of other forms, all of which are in the hands of 
Professor Raphael Blanchard, who will make a report on them in detail. 
One very interesting striped form, Ichthyobdella punctata Verrill, was 
present in large numbers on the fish lifted in gill nets. They attack 
mostly whitefish and are found in abundance. Thousands are strewn over 
the nets, boxes, and even the deck itself when the seine is hauled in. 

e. Bryozoa: In dredgings made on the Middle Ground, Traverse bay, 
at a depth of from 23 to 36 m., a considerable number of colonies of these 
forms were collected. With them were dredged scanty filamentous algse. 
The Bryozoa were submitted to Dr. 0. B. Davenport, of Harvard Univer- 
sity, who very kindly determined them. He reported that Faludicella 
Ehrenbergii van Ben. and Fredericella sultana Blumenbach, were abund- 
antly and typically represented in the mass sent him, and that the stocks 
were evidently living when found. Cristatella mucedo Ouv. was repre- 
sented by a part of a statoblast only which had undoubtedly floated down 
from a higher level. The first two species are an interesting addition to 
the deep water fauna of the lakes, and I think the deepest recorded occur- 
renoe of Bryozoa in fresh water. Agassiz (*'Three Oruises of the Blake") 
records marine forms from a depth of nearly 900 m. 

The forms mentioned above were also obtained from ''honeycomb" 
rock brought up in gill nets from about the same depth in the vicinity of 
the reef between Charlevoix and Beaver Island. (See map, station ix). 

/• Rotatoria: These forms constitute an important part of the micro- 
scopio fauna of the lakes. One hundred and ten species were reported in 
1893 from Lake St. Clair. Last summer only ninety -(out ^^t^ Ics^c^:^^ ^\^ 
the entire Obarlevoix region, and but fifty -e\g\i\.ol\X\^^^ c^c^cro.-rt^^KTs^^Sjs^'^ 
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Michigan or in the immediately oonneoting waters of Bound and Piae 
lakes. The limnetic (pelagio) species were well represented, beind; in 
number only three less than the trae limnetic species of Lake St. Clair, 
but the absence of shore and bottom vegetation preclades the development 
of the large number of littoral and bottom forms found in smaller and 
shallower lakes. Thus only eight bottom species in all are reported from 
Lake Michigan. Mr. Jennings, in his report on these forms, printed as an 
appendix, calls attention to some biolosical facts of great interest, such as 
the accumulation of the Rotifers near tne surface in the day time and the 
rapid variations in the number of individuals and in the ruling speoies of 
the plankton. Out of the ninety-four speoies recorded twenty are new to 
Michigan and one new to science. 

Crustacea: Of this class the following orders were represented in 
material obt€dned at Charlevoix. These forms constitute the most impor- 
tant element of fish food and are found in large numbers in the shore, the 
bottom and the limnetic faunae. 

a. Cladocera: Between twenty-five and thirty species of these forms 
were taken at Charlevoix. They were most abundant in the smaller 
inland lakes, no less than twenty species being recorded as the resalt of a 
half day trip to Twenty-Sixth lake. In the larger lakes they form a lees 
important element of the faunae. No detailed report on the namber or 
frequence of these forms has yet been made. 

b. Copepoda: A special report on this group has been published 
(Marsh, 95), from which a few quotations are made here, ""fbrom the 
standpoint of the pisciculturist, perhaps no class of animals outside the 
fishes themselves is so important and interesting as the Entomoatraoa. 
It is a well known fact that these minute Crustacea form the entire food 
material of the young of some of our most important food fishes, and in 
mairp oases constitute a large part of the food of the adults." 

With reference to the representatives of this group in the Charlevoix 
region. Marsh says (p. 4), ''It is interesting to note the greater riohnees 
of the oopepod fauna of our lakes as compared with those of the conti- 
nent of Europe. Zaoharias finds seven species of copepods belonging to 
the CyolopidsB and CalanidsB in the PlOner See. In Lake Michigan there 
are nine, and that includes nt) littoral species; in' the two lakes on Beaver 
Island there are eight, in Pine Lake nine in Round Lake eleven, in Inter- 
mediate Lake eleven, and in Lake St. Clair sixteen. The larger number 
in Lake St. Clair is probably explained by the fact that, being very 
shallow, it has the species of the smaller bodies of water and of the stag- 
nant pools, and in addition, because of its connection with the Great 
Lakes, has also their limnetic speoies. 

*'Pine Lake is peculiarly poor in its number of species; this is strik- 
ingly apparent when we compare it with Intermediate Lake. Pine Lake 
was very thoroughly examined, and it is likely that we are acquainted 
with all the speoies occurring there, and yet the number is only eight. 
All the collections from Intermediate Lake were made in one day by a 
party which went down from Charlevoix and remained only a few hours, 
and yet the number of different forms is eleven. Intermediate Lake 
seems to be an usually rich collecting ground, for, with the exception of 
Lake St. Clair and Round Lake, no other lake shows such a large number 
of speoies, and both Lake St. Clair and Round Lake have been very 
thoroughly explored. Moreover, in the case of Round Lake, several of 
the apeoiee may be oonsidered as immigianta itom Lake Michigan." 
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In a letter of reoent date Professor Marsh says : 

"^There are no oharaoteristio speoies in Lake Michigan at Charlevoix, 
as the fauna of the Great Lakes is, so far as I. oan make out, identical. 
Lake St. Clair has some stagnant water forms in addition to those oom- 
monly found in the lakes. From the stations about Charlevoix I have 17 
determined speoies. There was besides at least one speoies of Ergasilua, 
one or more of Ganthooamptus^ and the parasitic forms which I have not 
worked out at all." 

1^ In the report referred to above are given a table of distribution and 
keys for determining the various species in the groups which are found in 
Michigan. For further details the original should be consulted. 
t, c. Ostraeoda are not uncommon in Bound and Pine lakes, they are 
not, however, sufficiently numerous to be an important element of the 
plankton. The species obtained havb not been determined as yet. 

d. Amphipoda: There are two species of amphipods which are char- 
acteristic in their distribution. Hyallella dentata Smith is found in 
large numbers along the shores of Bound Lake (Pine Lake?), and the inland 
lakes. It was not reported from Lake Michigan though it may well be 
present in the immediate vicinity! of the shore. In deep water its place 
is taken by Pontoporeia Hoyi Smith which came up in every haul of the 
dredge, and was frequently present in enormous numbers. This species 
forms one of the chief sources of food for various species of whitefisb. 
(Seep. 21.) 

e. Podophthalmia: The Stalk Eyed Crustacea are represented by 
shrimp-like forms and by the crayfishes. A single species of the first, 
Mysia r^Zic/a Lov^n, occurs in Lake Michigan in deep water; from 24 to 
130 m. (the deepest station) it was abundant everywhere that we tried the 
dredge. On one occasion a bottom tow with the runner net brought up 
a large number of individuals which were kept alive in a pail for a time, 
but soon died, perhaps on account of the rise in temperature of the water. 
They are among the most transparent and active of fresh water Crustacea 
and yet furnish much thtd largest percentage of whitefish food afforded by 
any one species (see tables p. 21). For themselves they appear to rely 
lai^ely upon the Copepods of the plankton for food. In spite of their 
abundance we did not take a single immature form in our nets. 

Two species of crayfish, Gambarus propinquu8 Ger., and G. virilis 
Hagen, were found both in the main lake, and in the connecting waters 
of Kound and Pine lakes These speoies came up in large numbers on 
the gill nets of the fishermen and were taken in the trawl as well as caught 
in shallower water along shore. They furnish an important element of 
the food of the larger fish. 

Hydraehnidffi: The water mites seem to be very abundant at Charle- 
voix. With reference to the group Dr. Wolcott reports: 

''Of Hydraohnidae. to which very careful attention was devoted, owine 
to personal interest in the subject, 43 species were taken belonging to 16 

Knera; of these 23 species and 4 genera were not represented in the col- 
3tion from Lake St. Clair. Numerous specimens of a mite identified in 
the previous collection as a speoies of Oribatidae. were also obtained." 

Inseeta: A disappointingly small number of forms both in speoies and 
individuals was found in Charlevoix waters. The absence of the littoral 
and bottom vegetation, which in Lake St. Clair afforded shelter and sup- 
port to a host of larvsB, evidently accounts for the deficiency in this 
respect. That this was clearly the cause beoaaiQ a^^^t^xi^ c^xi \Xl<b ^xa^*^2R.^ 
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examination of tbe smaller inland lakes of the region Ti^biob sheltered 
among tbe littoral and bottom vegetation oountless larvae. No attempt 
was made to oolleot or. include in tbe list tbese forms from tbe smaller 
lakes. Witb tbe scarcity of insect larvae goes band in band tbe absenoe 
of tbose fisb wbicb depend largely or entirely upon tbese forms for food, 
and wbicb were abundantly found in Lake St. Clair. Dr. Woloott listed 
77 species from Cbarlevoix, determined as follows: Odonata 9, Ephem- 
eridae 7, Perlidae 1, Pbryganidae 13, Hemiptera 6, Coleoptera 18, Lepi- 
doptera 3, Diptera 20, and adds concerning tbem '"To tbese must be added 
a number of species of aquatic babits during a wbole or part of tbeir 
existence wbicb were, bowever, collected not in towings or dredgings, but 
only in tbe adult state; tbese are sufficient to bring tbe total list of aquatic 
forms observed up to considerably over a bundred. It was to be expected 
tbat tbe experience of tbe previous year at Lake St. Clair would bave ren- 
dered possible tbe collection of a still larger number of species, but tbe 
conditions were to some extent unfavorable. Botb Pine and Bound Lakes, 
deficient as tbey were in 'vegetation, exbibited an equal deficiency In tbe 
number of species of insects, altbougb tbe latter were present in consider- 
able numbers wberever vegetation ooourred, as it did at some points. 
Sballow pools along tbe sbores of Pine Lake supported an abundant 
fauna, but since tbey bardly came witbin tbe territory embraced in tbe 
scope of tbe party's work, no extensive collections were made from tbem.'^ 

''Dredgings from Lake Miobigan in moderate deptbs, especially wben 
over beds of CharOf etc., brougbt to li^bt a considerable number of 
insects wbicb were in no wise peculiar. Very interesting, bowever, was 
tbe occurrence on one occasion of a species of Nemoma, one of tbe Per- 
lidae, in tbe deeper parts of tbe lake in tbe vicinity of Cbarlevoix." 

Mollnsca: Tbis group was very tborougbly studied by Mr. Bryant 
Walker wbose report is found in appendix V. I would call attention bere 
to bis remarks on tbe scarcity of tbe large bivalves wbicb are an unim- 
portant element of fisb food and tbe universal abundance of tbe smaller 
forms, botb univalves and bivalves, wbicb constitute so important a factor 
in tbe food supply of tbe lake fisb. (See tables p. 21). Wbile Mr. 
Walker calls especial attention to tbe large number of forms found in 
beds of Chara, it is equally true tbat tbe surface of tbe boulder covered 
areas of bottom, so plentiful a sbort distance off sbore in tbat part of 
Lake Micbigan appears peppered witb small snails; and togetber witb 
crayfisb tbey constitute tbe chief animal forms taken in dredgings in tbis 
region. Tbese univalves subsist in large part on tbe minute algae derived 
from tbe plankton, wbile tbe bivalves are entirely dependent upon tbis 
source for tbeir food supply. Here tbere is tben but one intermediate 
stage between tbe life of tbe plankton and tbe wbitefisb. Mr. Walker 
also notes tbe poverty of tbe molluscan fauna in Pine Lake. Details witb 
reference to tbe various species and tbeir distribution are to be found in 
tbe appendix. It is not too mucb to say tbat no group was more tbor- 
ougbly and accurately worked up tban tbis and the importance of these 
data for the wbitefisb investigation is apparent on examination of tbe 
tables of wbitefisb food, already mentioned. 

Vertebr^ta: Water birds are not as common on tbe lake as tbey were 

at Lake St. Clair and turtles were found only in tbe smaller inland waters. 

Amphibians were not noticed in Lake Michigan at all and were rare in 

tbe other waters examined. Only a single specimen of tbe ''mud puppy " 

{jVec/ums maculatus Haf.) was found, and that in the old channel 
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between Round and Pine lakes. This speoies ia extremely abundant in 
Lake Erie and Lake St. Olair and destroys an enormous number of white 
fish esgs, the Neoturi taken in the Detroit river in the fall being gorged 
with the freshly laid eggs. The apparent rarity of the form further north 
is hence fortunate. 

The following list shows the speoies of fish taken in various places as 
indicated: 0, old channel between Bound and Pine lakes; M, Lake 
Michigan ; P, Pine Lake ; B, Bound Lake, (PL IV ). The list is by no means 
complete since particular attention was paid only to the important food fish 
and to smaller forms captured by chance in the search for young white- 
fish. The identification of the smaller forms was made by Mr. Jennings, 
while we worked together on the various species of Coregonus. We had 
determined the Lake Michigan **Long Jaw'* as an undescribed species, 
and it was only in the fall that on receipt of the paper by Smith (94) I 
saw it was identical with his species C. prjgnathus, 

Sotentifio Name. Common Name. Localitjr 

AmblopUtes rupestris (Raf.) fl^oek bass R. 

Ameiurua melas (Raf.) "Bullhead 0. 

Catostomus fere«(Mitch.) "Sucker P. 

Coregovms Artedi LeS, "Lake Herring M. 

clupeiformia (Mitch.) fWhitefish M. 

qiuidrilateralis Btioh, fMenomonee M. 

{f)tullibeeBtich Long Jaw (?) M. 

nigripinnis (Gill.) — fBlackfin M. 

prognathibs H. M. Smith fLong Jaw of L. Michigaa.. }l. 

ColtiLS Bichardsoni Ag. *Miller's Thumb M. R. 

Etheostoma nigrum Raf. *Sand Darter M. R. 

coprodes Raf *Log perch M. 

Eucalia inconaians {KXrilhTidi) * M. P. 

Lota lota (L.) t^awyer >.- M. P. 

Mioropterus doZomieu Raf. Small mouth Black Bass R. 

Notropis delioioaa (Gir.) * _ O. 

megalops {B,B,t) fCommon Shiner R. 

Percopsis guttatua A^ * M. 

Perca flavescens (Mitch.)... t^^rch R. 

Salvelinus namaycvsh (Wal.) f^ake Trout M. 

Names after Jordan, Manual of the Vertebratet, fifth edition, Chicago, 1890. 

Half a dozen species of young fish or small forms are yet unidentified. 
If these and the fish taken in the smaller inland lakes were both added the 
list would be considerably extended. 

The food relations of the various forms listed in the foregoing can not 
be ^iven at present in more than general terms. For a discussion of this 
subject and a valuable table expressing some of these relations in synoptic 
form the reader is referred to Beighard ( 93, pp. 23 and 24). 

One striking faunal peculiarity appears on examination of the prec|ddinfl| 
aocount of the various groups to be generally characteristic not only of 
Lake Michigan, but also in great part of Bound and Pine lakes. It is 
the absence of the littoral flora and fauna. The abundance of life which 
obaraoterized the shore region on Lake St. Olair is here entirely lacking. 

* Takao in tvawl in Tarioos localities, 
t Bzamined for food and paraaitee. 

3 
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It may well be that all other defioieneies are due to the absence of littoial 
vegetation, the Teaaons for which have already been discuased. At any 
rate, the hBirrenneaa of the littoral zone eliminates from the question of 
the food supply of this region one element which in Lake St. Olair was 
of extreme importance. 

Mention has been made of the limited bottom vegetation and of the 
absence of certain forms of animal life ordinarilv found in connection 
with the plants of the bottom. This matter will be discussed further in 
another port of the report. Here may be recorded merely the limited 
development of this source of food supply in this part of Lake Michigan. 

To one small group of forms, the various species of whitefish, particular 
attention was paid and the results of this study are embodied in a special 
section of this report. 



THE WHITEFISH. 

Eight species of Coregonus are known to occur in the Great Lakes; they 
are the common or true whitefish, Coregonus clupeiformis [Mitch A the 
"blaokfin" (7. mflrrtptwm« [Gill], the "long jaw," C, prognathtis n., M, 
Smith, the lake herrins or cisoo C. Artedi Le Sueur, tne tullibee or 
mongrel whitefish, C, tullibee Richardson, the Menomonee whitefish, C, 
quadrilateralis, Bichardson, the "Soo" whitefish or whiting, C, labra- 
aoricus Bichardson, and the Lake Michigan oisoo or the lake "mooneye" 
C, Hoyi [Gill]. The last four from their rarity or small size, are of little 
importance commercially, and only one of them the Menomonee whitefish, 
was seen at Charlevoix. All of the first four, however, were obtained 
there, and the first three were the object of especial study. They are the 
species ordinarily marketed and are sold indiscriminately under the name 
whitefish, although the fishermen distinguish them easily. In fact the 
"long jaw" was constantly picked out for us as a distinct form by the 
fishermen, and after numerous efforts to make it fit the description of 
some known species, Mr. Jennings and I were forced to admit its 
distinct character. Early in the fall the paper by H. M. Smith (1)4) fell 
into my bands, and the identity of the Charlevoix form with the new 
species described therein was at once apparent. 

The habits of the whitefish are only meagerly described in our litera- 
ture. Since Milner (74) nothing more than scattered details have 
appeared, and a good account of the biology of this group is yet to be 
written. The work at Charlevoix was not extensive enough to add greatly 
to our knowledge; there are, however, some observations of value made 
there which may be recorded in this place. 

The horizontal distribution of the four species is, so far as our observa- 
tion extended, uniform ; but the vertical limits seem to be very different. 
This is mentioned in the work of Milner, but our own observations, and 
also the reports of the best fishermen, seem to indicate even a more 
definite location for each species. It seems that the lake herring is a sur- 
face fish and is taken in sill nets only near the surface; the true whitefish 
tt caught in water as shallow as twenty feet, but is most common between 

elve and twenty fathoms. The long jaw is rarely found in twelve fathoms ; 

ia^ however, abundant in depths of from twenty to twenty-five fathoms, 



filOLOGIOAL EXA.mNATIOy QF L^KB ICICHIGAJ^. 

but dof^B go somewhat de9per, while the bUo^fina ai^e ri^rely met in less 
d^pth than totiy fythoms. This vertical diflitribatioii is so definite m^ so 
wfU knowtf that the oatph of a gill net at any given depth may be predicted 
with Qonaid^rable aoouracy. It is the sqmmer range of the fish and is 
modified at the spawning aeasoD. One naturally suggests temperature ss 
the ruling cause for this vertical limitation of distribution, since, as will 
be seen later, the food of these various spooies has a much wider vertical 
range than the species itself, and since the accounts given by fishermen 
of the winter limits of the species correspond in genial to the tempera- 
ture changes. This matter should be the subject of special study during 
the entjre year in connection espeicaaily with acoiurate apd extended phser- 
vatiops on the temperature of the wat^. 

In the next place our entire knowledge of the food of the young 
whitefish, and in fact all other information with regard to the fish 
in the first year of its life, depends upo^ inference. Fprl^es (82) 
has famished the only experimental inforogfutipp on this si^bjept. He 
placed several thousand whitefish fry in a ti^pk fed by Lake Michigan 
water and supplied them with an al3undance of prganisms obtained fi^pm 
the liske by a tow net. From this, which is identical with the plapkton 
mentipned elsewhere in this report, the fry seleoted chi^y small 
Entomostraca. Forbes saya (p. 761), ''The e^t^e number of objec|s 
appropriated by the sixty- tnree Sfiihes [opt of 106 exam^ined] was ee fol- 
lows: Cyclops Thomasit ninety -Beven \ Diapiomus siciliSf seventy -eight; 
Anurcea striata, twenty-njne ; Daphnia hyaJma, one. ' ' From this he con- 
cludes that ''the two species of Copepoda, Cyclopa Thomasi and Diap^ 
iomvs atciliSf are pertf^inly very much more important to the maintepanoe 
of the whitefish in the early stage of independent life than all the other 
organisms' in the lake combined." Interesting and valuable as these 
experiments are, it should be noticed that the evidence is not complete. 
The fact that in captivity the fry eat these two species in particular is no 

£roof that in nature their food is the same. In the Agassiz Marine 
laboratory at Newport I have easily reared young toadfish, a pure bottom 
fish, on the small Crustacea of the plankton. It would be hardly safe on 
this evidence to regard the youn^ toadfish as normally plankton eaters; 
the probability is that the natural food of the young was substituted by 
nearly related forms of approximately the same size. Forbes notes that 
the Cyclops was the smallest of all the Entomostraca in the plankton and 
that the Diaptomus was the next in size. This is also the order of prefer- 
ence expressed by the whitefish fry as shown by the number of each 
species eaten. Beighard (94, p. 40), expresses the opinion that the 
whitefish fry are more probably bottom feeders. If so, their naturaHood 
will then be some of the small bottom crustaceans of no doubt approxi- 
mately the same size as the two just mentioned, most likely closely related 
apecies, but not these forms which are limnetic in character. The nature 
of the first food of the whitefish fry was clearly demonstrated by Forbes 
in the discovery of the pharyngeal teeth, which are wanting in the adult, 
and which point unmistakably to the carnivorous habits of the youns. 
They prey undoubtedly on the Entomostraca; the exact species on which 
they subsist, however, yet remain to be established.^ 

*Tho matter can odIt be determined experimentally and I am informed by oorrespondenoe that 
the Michigan Fish Commisaion, during the past spring, has carried ont a series of experiments by plant- 
ing the fry in boxes supplied with gaoze gratings. The boxes were anchored in faTOrable localities at the 
Borfkce and near the bottom and a certain number of the fry taken periodically and examined for food. 
The leeolts of these experiments may well be awaited with great interest. 
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It was the hope of those iDtereated in the work at Charlevoix thiit some 
of the yoang^hitefiah hatched in the spring might be caught, atid thn^ 
evidence furnished as to the food and habitat of the fish during the first 
year of its life. At the very beginning of the stay an assistant was set to 
scouring the shores, inlets and shallow places in order to catch all the 
young fish which could be found ; a large number of different species was 
collected, but none of the whitefish family. A trawl was constructed and 
used on all of our August excursions into Lake Michigan with the fishing 
tug. It was tried in waters of various depths and over all bottoms where 
it could be run and was successful in obtaining a number of species of 
small fish from these localities (see list on page 17), but no whitefish. 
The bottom of Lake Michigan in the Charlevoix region is not very favor- 
able for the use of a trawl, as even the stretches of sandy bottom are 
strewn with occasional boulders, and in the course of our work the trawl 
was first lost and recovered only after a long search, and finally on the 
following day torn to pieces. In future work a fine meshed silk gill net 
would, 1 believe, be more likely to succeed in catching the young white- 
fish. 

During severe storms young fish are thrown up on the beach of Lake 
Michigan near Charlevoix, and from this source we obtained immature 
specimens of the lake herring, of the Menomonee and probably of the Ibng 
jaw, but none of the true whitefish. The specimens were from three to 
five inches long and were as small as any ever obtained there. They were 
probably fish which had been batched in the sprins of that year. The 
absence of young whitefish in spite of the large catch of the adult fish at 
this point shows either that the youne are more limited in their distribu- 
tion than the adult and hence are not found at this point, or that they live 
deeper than the young of other species mentioned and thus are not 
affected by the wave action in time of storm. Some account of the food 
of the adult whitefish is given by Milner (74, p. 44) and Smith (74). 
The number of specimens reported was small, and also the importance of 
each element in the total amount was left unnoted; furthermore the 
food of the allied species has received no attention. Hence it seemed 
wise to devote careiul attention to this point and ascertain as exactly as 
possible the character of the food and amount of each element in it for 
each of the species of whitefish. A large number of stomachs of white- 
fish were examined and the results of this study are expressed in the 
following tabular forms. The specimens examined were from widely 
separated fishing grounds, representing more than the limit of territory 
covered by the map of the Charlevoix reeion given in this report (PI. V). 
In the identification of the species of food animals, all the members of the 
laboratory force participated, and the estimated percentages were similarly 
controlled so that every effort has been made to reduce the error of snob 
observations to a minimum. The first table presents the results of obser- 
vations on the food of the true whitefish. 
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In addition to objects mentioned small brown stones were very com- 
mon, and in instanoes formed one-fourth or one-fiftb of the total mass; 
the; were not included in the percentages as they did not seem to be a 
part of the food proper. A trace of filamentonB alga {Cladophora) was 
frequently enconntered in the Btomaoh contents where its preeenoe was 
apparently aocidental. A considerable number of stomachs were exam- 
ined which were empty, or in which digeetion bad proceeded so far that 
the oomputation of percentages was unoertain. Both classes are omitted 
from the table, although so far as could be seen the latter would not have 
modified the results appreciably. 

Summarizing the results given in the table it will be seen that among 
these fourteen specimens 

Pontoporeia constitutes from to 95 % of the total food, averaging 43 %. 
Myaia " " 95 to 0" " " " " " 20%. 

The two forms seem not to be found together in considerable amounts, 
but the preaenoe of the one indioatea the absence, or at most, presence in 
a trace of the other, making thus the average percentage of crustacean 
food 63. This alternation eeema to indicate a difference in the distribu- 
tion of the two forms so that the whiteGsh are likely to find one or the 
other, but not both en the same feeding ground, 

This element is never entirely absent, and, on the other hand, forms 
two-thirds or more of the entire food mass in ten casea out oC f.ou.ttA&'o.. \K 
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is elearly not only the most important element of the food, bat is oa the 
average more prominent than all others put together. 

Pisidium constitutes from to 60 % of the total food, averaging 16 ^. 
Sphcerium " " to 56 % " " u a « 7 ^. 

Valvata " " to 10 % " " " ". " 2 % 

Other species of moUueks are present in varying small amounts, mak- 
ing the total amount of food famished by these animals on the averase 
26%. In three oases out of fourteen this was the balk of the entire food, 
and in two instances it was entirely lacking. 

The insect larvae, chiefly Chironomids, are a small though oompara- 
tively constant part of the iood, constitating at most only 16%, ana on 
the average about 5% of the whole. The two oases in which small fish 
were found, saflSoe to make this element average 2% of the whola 
Whether it is constantly even such a small percentage of the total oould 
only be told by a much ereater number of cases; but the percentages of 
other elements are probably correct within a small amount. It is interest- 
ing to notice that only one of the fourteen fish had enjoyed such a mixed 
diet that no element predominated in its food. 

The considerable part played by the mollusks and insect larvaSi both of 
which are strictly bottom forms, shows that the common whitefish is to a 
large extent a bottom feeder. This view is strengthened by the down 
pointed sucker-like mouth of the fish as well as by the presence in the 
stomachs of numbers of small stones, which were undoubtedly snapped up 
with some morsel of food. 

Of the six specimens of the long jaw (C prognathiis), which furnished 
stomach contents sufBciently undigested to be estimated, five contained 
My sis relicta, constituting respectively 96, 96, 96, 98 and 100% of the 
total mass, or an average of 97%, while in the sixth PontoporeUi Hoyi 
was equally abundant. No other recognizable object was present in any 
of the fish examined. Smith (94, p. 10), in his description of this new 
species, is able to sive only conjectural information as to its food. The 
stomachs examineddo not bear out his surmise that *'its larger mouth and 
more powerful jaws indicate a somewhat wider range of food than is 
possessed by the common whitefish." Nor do I think that such is the 
case ; its deeper habitat favors a more simple diet since the fauna of the 
region is more limited in number of species. Again, the anatomical 
cbaraoteis referred to find their explanation equally well in the hunting 
habits of the fish ; its food is captured in motion and not on the bottom, 
hence the strictly bottom forms in the food of the common whitefish, the 
mollusks and insect larv8B, as well as those accidental inclosures, algsB 
and stones, are entirely wanting. This difference in the mode of life of 
the fish, which seems to me adequately indicated by the facts given, is of 
importance in another connection, as will be seen later. 

Only two specimens of the blackfin afforded identifiable stomach con- 
tents; Mysis relicta -was here 96 and 99% of the total amount; one of 
these specimens yielded a single individual of Diaptomus sp., whose 
presence was perhaps accidental; otherwise nothing was recognized. 

Collections of parasites were made from all the species of whitefish 
obtained at Charlevoix ; occasionally individuals were found badly infested 
with a species of Echinorhynchus, but as a whole these fish were very 
free from parasitic infection. 
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The qttertioB of the decrease of the true wfaitefiafa has attraoted! nmcbi 
attention dliring the last ten or fifteen yean^ and tfa» oanse hiukbeen a 
matter of coDsiderable dispute. I believe we are in position to offer pod* 
tive evidence on the question; The fact of the large decrease in the 
whitefish catch since 1880 is, I think, nxiquestioned at present, although 
there is evidence of yearly fluctuations in the catch both before and since 
that time. The present scarcity of the fish may be due (1) to disease, *(2) 
to scarcity in food supply, (3) to migration, (4) to the crowding out or 
supplanting of the true whitefish by some other species, (5) to over catch- 
ing. The first may be dismissed without further discussion since any 
disease widespread enough to cause such a result would surely have come 
to the notice of fishermen. 

The three most important elements of the whitefish food are Ponio- 
poreioy Mysts, and the small, mollusks. At nearly all of the stations 
where hauls were made with the vertical plankton net (see PL Y) the 
dredges and other nets were also used. Among their contents the three 
forms just mentioned were the most common of all objects; so much so 
indeed that their absence in rare cases was noteworthy. Thus, for 
example, in my notebook is entered for station iz: *' Dredge out 5 min- 
utes. Noteworthy — Mysis wanting, mollusks almost, very few Panto- 
poreia; according to Capt. 0*Neil this point (middle of w. side reef) has 
no whitefish." The immediate food of the whitefish is present at nearly 
all points and in large quantities, hence the decrease in whitefish supply 
can hardly be due to this cause. So far as migration is concerned, it 
might be invoked to explain a deficiency in the catch in a single locality, 
but statistics now at hand show the decrease to be general and not con- 
fined to a single region. 

In his recent paper Smith (94, p. 11) suggests an interesting theory as 
to the possible cause of the disappearance of the common whitefish; 
namely, that it has been crowded out by the long jaws. It is a well known 
biological fact that in the struggle for existence one species is supplanted 
by another more favored form which takes possession of its home and 
food supply and literally crowds it out of existence. This is most likely 
to occur between closely related forms in circumscribed areas, and it 
would appear at first thought as if this were a very probable instance of 
such supplanting. It is also a carious fact that the same idea occurred to 
me in Charlevoix and was discussed with at least one member of the party, 
Mr. Bryant Walker, before the appearance of Smith's paper. In the 
course of further study, however, I became convinced that the idea was 
untenable and that the competition between the two species was more 
apparent than real; in other words that this could not be the cause of the 
diminishing whitefish supply. The reasons for this conclusion may be 
given briefly. In the first place the range of the two fish is radically 
different; long jaws are rare at twelve fathoms where the best catches of 
whitefish are made, and conversely whitefish are not found at the depth 
of twenty to twenty-five fathoms where the long jaws are most abundant; 
nor could I find evidence of any change in range of the species during 
the last twenty-five years, if one will accept the testimony of the best 
fishermen. Again, the food of the two forms is somewhat different, as 
noted above, and more still the place and manner of feeding I have 
already pointed out that the whitefish is probably a bottom feeder, and 
that the long jaw is not, but obtains its food more probably free in the 
water. Furthermore, if crowding out were the cause, the grounds 
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formerly oooupied by wbitefiah must now be preempled by long ja^s. It 
can be positively stated, I think, that suob is not the case. As is noted 
elsewhere in odnneotion with the plankton studies, we examined especially 
those regions whioh had been good whitefish grounds, but now yielded 
little or no oatoh. In all of the places whitefish food was plentiful, 
though the grounds were now praotioally deserted by all fish, and many 
of tliem were muoh too shallow for long jaws. 

The apparent ooming in of ^ the long jaw and the increase in its catch 
are really due to very different causes. The failure of the shallow white- 
fish grounds forced the fishermen little by little to move their nets into 
deeper waters and so gradually to increase their catch first by the addi- 
tion of long jaws and then by the still deeper living blackfin. These two 
species are only apparently new arrivals, and their supposed increase at 
the time of the whitefish decrease is due merely to changed methods of 
fishing. In this connection it is interesting to notice the testimony of 
Capt. John O'Neil of Charlevoix, that the long jaws themselves are less 
frequent in Traverse Bay than formerly, that they are smaller in size and 
more scattered. 

We are thus forced to the conclusion that the decrease in the whitefish 
supply can have no other cause than overcatching. This is not the place 
to discuss good and bad methods of fishing or remedies for the 
trouble. Our investigations point unmistakably to the cause of the 
depletion in the whitefish supply ; it is the removal from the lakes of a 
larger number than can be replaced by natural processes and than has 
been successfully returned by artificial hatching. Greater results from 
the latter methods depend upon a better knowledge of exact conditions in 
the lakes, and to aid in this has been the object of our studies. 

SOURCE OP FOOD SUPPLY. 

The question as to the food of the whitefish and the amount of the sup- 
ply at any point, or, expressed in other terms, the actual fish supporting 
power of any region is not determined by a single element. The number 
of Mysisi and Pontoporeia in any given area does not determine the 
fitness of that region for raising whitefish. 

Not only must the present supply of whitefish food be large, but the 
region must be capable of maintaining the supply constant in spite of the 
inroads made by the fish, else the food would soon be exhausted and the 
fish starved to death.. The further test must be then made as to the capac- 
ity of the place to furnish these food animals with sufficient nourishment 
for rapid multiplication. Thus we are taken back step by step through the 
entire series of biological interdependence to the primitive food supply, 
which must always be plant life, since that alone has the power to manu- 
facture living matter out of the simpler substances taken from earth, air 
and water. It is then clear that the entire series of biological relations 
must be worked out, and with each step will come new light on the 
subject. 

The question of the source of the food of the lake fish brings us to con- 
sider first in brief the peculiar characters of these bodies of water in com- 
£ arisen especially with the inland lakes. On the more extended trips into 
lake Michigan, which were undertaken with a view to obtaining evidence 
n the distribution of life in the lake, the contrast between this and an 

land lake, or even Lake St. Clair, became very apparent. The most 
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fltrikins peculiarity was the entire absenoe, in the part of the lake exam- 
ined, of the larger plants. The shore plants and rushes which in Lake 
St. Olair formed several distinct zones (Pieters, 94) along the margin of 
the lake, were either entirely absent or present in rare instances. The 
shallow part along shore, or lake terrace (Beighard, 94, p. 13) is very 
narrow at this point and subject to considerable change by the frequent 
storms; to this is due no doubt the absence of shore vegetation, and there 
are out in the lake, beyond the shore terrace, no areas shallow enough to 
permit the growth of such vegetation. Not only were the littoral zones 
bare of plants but the bottom also. The fields of Chara which carpeted 
the bottom of Lake St. Clair so densely that Beighard (p. 15) compares 
them to a thrifty field of clover, were almost never found. Only once in 
the sheltered High Island harbor was there a shallow area covered in this 
way with Chara, Elsewhere stretches of bare sand alternated with 
equally bare rocky bottoms or with areas of huge cobblestones. The 
stones brought up in the dredge were frequently covered with a film of a 
pale greenish tinge, which under the microscope appeared to be made up 
of myriads of minute unicellular algse. Barely one found a few threads 
of Cladophora or other filamentous alga, but aside from these insignifi- 
cant exceptions no fixed plants. The rich variety of forms, worms, crus- 
taceans, mollusks and insect larva3, dredged from the Chara beds of Lake 
St. Clair, were entirely lacking. In their place the dredge yielded in 
many regions a considerable number of specimens, belonging, however, 
only to a few genera. The Mysis and Pontoporeia, though taken from 
near the bottom undoubtedly obtain their food mostly from the water and 
are not properly bottom feeding forms. The Lamellibranobs are depend- 
ent upon the same source of food supply; but the Gastropods and a few 
species of insect larvae, almost entire Cbironomids, are true bottom forms. 
They live either on the microscopic plants or on decaying matter which 
has fallen from the superjacent water. Wherever fixed plants were found 
there was no dearth of life. The Chara beds found at High Island 
harbor were as rich in life as those of Lake St. Clair. Mr. Walker men- 
tions in his report (Appendix V), the extraordinary number of species of 
mollusks obtained there from a single haul of the trawl. 

It should be mentioned here that the Chara beds do not in themselves 
afford nourishment directly to any fish, or so far as I can find to any 
abundant animal; and hence their absence does not directly reduce the 
food supply. Indirectly, it affects the conditions very materially ; for the 
beds afford shelter to myriads of small bottom forms, crustaceans, insect 
larvae, and worms, which find food in the microscopic plants growing 
among them. Hence they are breeding beds for fish food and furnish the 
best of conditions for the development of bottom feeding fish. Lake 
Michigan does not furnish in this region a sufficient variety of bottom 
food for many species of bottom fish. The few forms which are found 
are all included in the menu of the whitefish ; they seem, however, so far 
as our observation went, to be widely distributed and to be present each 
in considerable numbers. 

Some of the physical characteristics of the lake, though less striking at 
first, are equally important. That part of the lake which lies above the 
ten fathom line (18.3 meters) forms but a very narrow border on the map; 
yet this is more than three times the greatest depth observed in Lake St. 
Clair. The extreme depth reached in our work was 130 meters, which is 
just the average for the entire lake, and not quite two-thirds of the 
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eletremd d^ptb. |Tbe ooaaiderablie depth "of most of the lakes i: 
very diffeHMt condHioiis of life in tbe greater part of the wafers firom 
those which exist' in a shallow lake; Perhaps the most important is 
temperatiire.* On difFereut days the sarfaoe temperature (^) of the lake 
varied from IQ.V to 19.4'' C. (62° to 67'' R). The boUom temperature 
was always less than the top and in tw^ity to twenty-five meters was only 
10° to 6.4° G. (60° to 43.5° F.) while at the deepest stations (112 and 130 
m.) the thermometer registered only 4.2° C. (39.5° F.) on the bottom. 
In general it appears that near the surface the fall in temperature is more 
rapid for the same amount of descent than near the bottom; there were 
however, curious variations in bottom temperature at about the same 
depth, 6. g. 14.4° C. at 22 meters, Station xxi, and 6.4° 0. at 24 m,, 
Station ii, which show wide departure from the general principle of equal 
temperature at equal depths, owing perhaps to local conditions. Our 
observations are not extended enough to throw light upon special oases. 
The whole of the lake in this region below the limit of 25 m. from the 
surface has a temperature of 7.5 C. (45.5° F.), or less, which is about 
11° 0. (20° F.) lower than the surface temperature, while the water below 
110 to 130 m. does not rise above 4° C. (39.2° F.), which is the tempr- 
ature of maximum density for fresh water. Here temperature oonditions 
are probably uniform the year through, while at the surface they are sub- 
ject to the greatest fluctuations. 

In the next place the amount of light decreases rapidly with the depth, 
and yet not so rapidly here as in oi^dinary lakes Since the amount of 
inflow is small in proportion to the total volume of the lake, and since the 
shallow area where the water can become roily in time of storm is very 
limited, the water contains extremely little inorganic matter in suspen- 
sion, and hence the northern lakes are noted for their transparency. In 
the Charlevoix region the water is beautifully clear and allows objects to 
be discerned at considerable depths. We made no tests to determine the 
relative transparency of the water, but its evident superiority in this 
respect compensates for the great depth to a large extent by permitting 
the passage of a much larger amount of light, and hence the development 
of plant life in deeper strata of the water. Again, the disturbance in time 
of storm does not extend very far from the surface. The ten fathom line 
lies far below wave action and thus the greater portion of the water is 
undisturbed by storms. 

Furthermore, the pressure increases with the depth. At about 10 m. 
the pressure is twice that at the surface (one atmosphere, 15 lb. sq. in. ) ; at 
103 m., all forms are subjected to a pressure of 11 atmospheres. Tet the 
animals brought up from this depth seemed to suffer no inconvenience by 
their rapid transit from a pressure of 165 lbs. to the square inch to one of 
only 15 lbs. to the square inch. 

Finally, the lake is free from such currents as exist in Lake St. Olair. 
The slow movements of the water in definite directions are not at all com- 
parable with the stream of a river, and the limited inflow and outflow, 
already discussed in this report, serve to maintain the lake in a condition 
of stable equilibrium. 

The factors just discussed are of the greatest importance in determining 
the character of the food supply in the lake, as well as its distribution. 
But it should first be noted that the question of food supply here is totally 

iSm table of plankton hauls on pages 82 to 85. 
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Dolike erimilar qaeationa in agrioaltiire and tbe difference is fnndaoiental 
iB its obataoter. The land animals whioh fdtfiieh th^ lar^e part of mm's 
food tfopply are herbivoroos. Tbeir sopply of food is drftwn from tbe 
great gt6np of grasses, grains and forage plants, wbioh growing bef6re 
our eyes, derive nonrisbment from the inorganic materials in earth, air 
and Water. There intervenes bnt a single step from tber inorganic to the 
oi^anio and the ohain of biological relations is short and simple in the 
main. It is not only capable of immediate observation, bnt it has also 
been in all its details tbe subjeot of long continaed and carefal stndy itx 
numerous experiment stations of the country. The preparation and tbe 
enrichment of tbe soil, tbe development of the seed, the growth of tbe 
plant, the diseases whioh threaten it, the enemies which attack or crowd 
it out, its protection and improvement have been for many vears the care 
of trained minds on experimental fields and in well equipped laboratories. 
How different the case for the fisb culturist! In many instances he does 
not even know tbe immediate food of the species in question. Observa- 
tions on its habits and life history are all too scanty and experimentation 
limited and uncontrolled. 

Tbe series of biological relations are also widely different from those on 
tbe land. In fresh water there are few large plants; in tbe Great Lakes a 
still scantier amount. Among all the food fish there are none that depend on 
these plants for food supply ; they are purely carnivorous. One of the most 
fundamental questions for the fish culturist is then clearly the source of 
food supply in the Great Lakes and tbe steps in the process of its trans- 
formation into fish flesh. Directly connected with this are the questions 
of its amount and distribution since fisb culture is evidently depedent for 
success and development upon these factors. Unless the primitive food 
supply be abundant at the present time, all efforts to increase the number 
of fish will fail of ultimate success; unless the food of the fry is found in 
BuflScient quantities in that locality where the fry are planted, the maxi- 
mum number can never reach tbe adult condition ; and finally the possible 
increase in the fish supply is limited by the amount and distribution of 
tbe food in so far as those factors are themselves beyond the control of 
the fish culturist. 

The limited inflow of Lake Michigan renders the amount of food sup- 
plied to its waters from this source comparatively insignificant and, more- 
over, it is almost entirely inorganic matter which is received in this way. 
The limited shore areas and general lack of shore plants make the shore 
washings an equally unimportant source of food supply, although from it 
as from the preceding source would be received a certain amount of 
inorganic material in solution and in suspension. The occasional fields of 
Chara and other bottom algsB add only a limited amount of food, bat the 
scanty development of this bottom flora, already commented upon, pre- 
cludes the possibility of considering it more than a secondary source of 
food supply. 

From the atmosphere is leached out by every rain much valuable inor- 
ganic matter, and tbe winds bring from time to time insects, both 
singly and in swarms, which fall a ready prey to the fish of the water. 
But even this is a secondary and incidental source; the biological rela- 
tions of the life in the water are not seriously affected by this addition. 
No sufficient source of primitive organic food material can be found 
external to the lake; it must be sought within the water itself. It must 
also be capable of forming the inorganic material into living matter, and 
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eince ve bare already eeeo tbat of|)tbe greeo plants wbioh poBsess this 
power, Ibe larger fixed forms are lacking or preseDt in entirely insaffi- 
oient qnaDtitiea, it is clear that the souroe whatever it may be must esoape 
notice by Tirtae of the miimte size of its iDdividual elemente, einoe the 
abundance of the Daaterial as a whole must neoeseaiily be preBoppoBed. 

If one drawa tbroogh the water a net of finest gauze and oolleotB its 
gleanings into a EBQall glaes, there will be seen a myTiad of minnte foimB 
almost or qnite invisible to the eye. The maes of mateiial obtained 
depends not only upon the length of the haul and size of the net, but 
npon numerous other conditions as well. Under no probable oironm- 
stances, however, will the net fail to collect a certain amount of material 
which the microscope ahowB to be composed of living organiBma of varied 
cbaiacter. Among these are both plants and animals, the latter so insig- 
nificant that their own motion does not suffice to carry them over any 
considerable distance, and henoe both -plants and animals are dependent 
upon waves, ourrenta and winds for their wide distribution. Their entire 
existence is passed floating freely in the water and both plants and 
animals poEseas characters of form or structure fitting them for maintain- 
ing Ibeir poeition. Veiy many are provided with long prooessef, enab- 
lisg them to preseot greater surface to the water; others have oil drops 
reducing their specific gravity. This mats of living forms is known as the 
plavktcn, and it plays such an important parb in the economy of the water 
that the relations may briefly be outlined here. One may juatly call it 
the primitive food supply ot the water, and as auob it is of ooarse the 
origin of fieb food. 

The smelleat forms in the plankton are the one-celled plants and 
animals, and the first are really the actual* source of the food supply. 
They float, as it were, in a sort of broth, or nutritive fluid, the water con- 
taining in solution those simple inorganic substances which they ere 
enabled by the possession of green matter (chlorophyll or some related 
substance) and in the presence of light to transform into living proto- 
plasm. The well known principle that rapidity of ohemical action 
depends upon the proportion of surface to volume, was long ago used by 
Leuckart to explain the extraordinary growth of these unicellular plants. f 
In them the proportion of aurface to volume is far great-^r than in any 
larger forms; the production of protoplasm, tbat la growth, goes on with 
extreme rapidity and the simple process of reproduction oy division 
which characterizes tbem, results in the production of many generationa 
witbin a limited period of time. These unicellular plants are the food 
not only of the unicellular animals, but also of some of the higher forms, 
and it is on their extraordinary power of multiplication that the entire 
economy of the water depends in last Hnalysis. 
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In the plankton are oontained, however, in addition to the unioellalar 
^ants and animals already mentioned, the Botifera and many Orastaoea. 
Other forma seemed to be either rare or entirely wanting in the plankton 
taken at Oharlevoiz, bat a more esaot enumeration of the species 
encountered in this region may be foand in the introdaotion and in the 
appendices to this report. These four elements together constitute the 
food supply of the lake. The unicellular plants, or Protophyta, are 
dependent upon inorganic nourishment; the Protozoa subsist upon these 
plants and both form the food of the Botifera, while the Crustacea feed 
upon anything which falls in their way. The last group Jorms the pre- 
dominating element in the plankton, constituting in almost all instances 
the greater portion of any- haul, and they are the immediate source of 
food for the fake fish. The fry depend directly upon the Crustacea of 
the plankton and rarely also the adult draws its nourishment from the 
same source, as in the case of the lake herring. More frequently it is 
through the medium of some larger form or forms. Thus the lake trout 
is pisciyorous and feeds upon the herring and smaller forms. Of the 
whitefish food, already discussed and described, each species is dependent* 
entirely upon the plankton, living or dead and sunk to the bottom, except 
the univalves, which also draw a portion of their nourishment from the 
fixed microscopic plants of the bottom. Beighard has given (p. 24) a 
table showing the interdependence of the various forma of life in a fresh 
water lake; it includes shore and bottom forms as well as the plankton. 

It was apparent soon after the work of Chatlevoix began that in general 
the plankton did not contain as many species as in Lake St. Clair, but the 
total mass per volume of water proved considerably greater. This was due 
to the greater number of individuals of a species present. Especially strik- 
ing was this in the case of the small Crustacea, for often a bottom tow made 
in Round Lake was so thick as to deserve the name of '^crustacean soup, " 
and yet it consisted almost entirely of a single species of Copepod. The 
catch recalled hauls taken in the ocean in respect to total amount of mate- 
rial, but was far from possessing the rich variety of forms characteristic of 
marine tows. Not only did none of the hauls from Bound Lake show the 

great number of species recorded in occasional tows on Lake St. Ciair, 
nt the average haul was decidedly inferior in this respect to the average 
haul from the latter place. In spite of this it was regularly true that the 
total amount of plankton in the average haul from Round Lake wasconsid- 
eral^ greater than the total amount obtained in average hauls from Lake 
St Clair. The same feature became apparent during work in Pine Lake 
and Lake Michigan at a later date; the plankton in these lakes contains 
only a limited number of species present in a large number of individuals. 

QUANTITATIVE PLANKTON WOBK. 

Since the plankton plays such a fundamental part in the life of the 
water, in beins the primitive food supply, some guide to the fertility of 
the lake will be given by ascertaining- ^9 exactly as possible its amount 
axid itii distfibtition, both vertically info zones and horizontally into areas 
if such exist. The determination of fluctuations in amount and quality 
with weather and seasons is of equal importance; but our observations 
extended over too limited a period to permit of obtaining evidence on 
these points. The work of tne summer throws some light on the ques- 
tions of amount and distribution in the Charlevoix region, important not 
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only in themselves, bqt for comparison witb the data derived from .sunilar 
experiments in Lake St. Olair during the previous year. Onr ezperi- 
ments on these^ points were made in^ tM' oourse of tbe^klst^• tw0 W6d» ef 
August, those of Beighard in Lake St. Olair during the second week of 
September. They are probably sufficiently identical in time that direct 
comparisons may be drawn between the ngures without the danger that 
we are dealing with results which represent conditions of different seasons 
of the year. This precaution in treating the results is necessfury since 
both Apstein and Zacharias have s)iown the existence in various European 
lakes at least of a considerable seasonable variation, bptb in the amount 
and in the quality of the plankton. 

The apparatus used in these determinations was the modified v^srtioal 
net described by Beighard (p. 26-29) and the prooess followeicl in the 
management of the net and the treatment of the matevi^l obt^iied was 
almost identical. Slight modifications introduoed by the n^riteir were suc- 
cessful enough to warrant mention in this plf^ce. The planktpp holdera 
made by cutting off the bottom of a 49hort 6 dr. homeopathic vial and 
annealing the edg^s, as used in 1893, had some slight disadv<uBt«ffes. 
Apart from the waste of tiipe and bottles in mak^^ a supply of per&ct 
tunes, it was difficult to tie the gauze ov^r the bottopa so securely that it 
would not come off under some circumstances, and the month of the 
bottle was so small as to render it wearisome to change the fluids on 
account of the tardiness of the filtering in cafie the enclosed maiFs of 
plankton was at all large. In view of these two difficulties, I had Whitall, 
Tatum & Oo. make some plankton tubes after my model. The tubes 
were pieces of J inch glass tubing 3 inches long, with a carefully con- 
structed flange at each end which turned outwards about one-sixteenth 
inch. It was found that the flare increased the filtering surface suffi- 
ciently to aid greatly in the passage of fluids and that the gauze could be 
tied over the end with great security and rapidity. We had occasion to 
preserve 11 orl2cc. in a single tube, but in spite ot the mass had no diffi- 
culty at all in filtering the water out and in getting various fluids through 
the tube. The flange was also of material assistance in tying the second 
gauze to close the tube; this was frequently done when the boat was 
rooking violently and in no case did we lose any of the contents of the 
tube. In transferring from one fluid to another a syringe bulb \7ith a fine 
glass tube pipette was used to force air into the tube through one gauze 
end and thus render more rapid the passage of the fluid through the other 
gau^e from the tube. I feaied at first that in spite of the No. 20 silk 

?;auze used for covering the ends of the tubes there might be some small 
088 of plankton on account ot the pressure which could be exerted by the 
bulb, or at least some damage done to delicate forms; but after experi- 
menting we could detect no loss in the washings nor damage to the most 
delicate forms in the plankton and hence adopted this method in all our 
subsequent work. These two trivial modifications mean a saving in time 
for each tube of plankton put up of at least twenty per cent, and much 
more where the amount of plankton is exceptionally large. 

Between the eleventh and twenty-ninth of August eight days were spent 
with the fishing tug ''Minnie Warren" in making stations at various 
points in the Obarlevoix region. In all twenty-six stations were made, 
two in Bound Lake, six in Pine Lake, and eighteen in Lake. Michigan. 
The stations, which are indicated in order by Boman numerals on the no||Bp 
of the region appended to this report, were made chiefly on fishing 
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gtoaads of pa»t or present value, and in tbe aeleotion of these we had the 
apnstanoe of Capt. John P'Neil of the ''Minnie Wari(Hi,*' an old and sno- 
oeiarfiil fisherman^ of Chfljlevoiz. In addition to the stations on fishing 
grcnnds some few were made in adjacent waters, either very shallow or 
very deep, in order to obtain material for the comparison or the various 
plaoes. It is thought that these stations represent very fairly the differ- 
ent conditions which prevail in this region and afford then some idea of 
its character as a whole. 

At each station the depth of the water and temperature of the water at 
bottom as well as at the surface and of the air were first taken with the 
sounding machine and thermometers lent by the United States Fish Oom- 
mission. The condition of surface, of sky and weather were also noted and 
the exact position and character of the place recorded. A series of hauls 
with the vertical net was made at 2, 6, 10, 26, 60, 100 meters and bottom, the 
length of the series depending each time' on the depth of the water. The 
oontents of the net at each haul were preserved in a plankton tube of the 
character already described and provided with a label bearing the number 
of the station and haul. Further details of the process may be found in 
I^rofessor Reighard's report (p. 27, 28). In this way a total of one hun- 
dred tubes of plankton were obtained. 

In the table of plankton hauls (p. 32-4) it will be noticed that the depth 
of the water and the depth of the haul do not bear any constant relation to 
eaob other. This is due to the different methods employed in obtaining 
each. The depth of the water was recorded by the sounding machine, as 
already described, while the depth of the haul was measured on the rope 
of the vertical net which was marked off by meters so that the distance 
from the upper ring of the cone of the net to the surface of the water 
oould be determined directly. In this way the distance through which 
the net was hauled could be measured without danger of error from the 
slight slant of the net rope or from inequalities of the bottom. This 
method of obtaining the depth of the haul was used for all stations after 
the first three (I to IIP inclusive). 

After the vertical hauls were finished, the anchor was lifted and two or 
more of the dredges as well as bottom and top tow nets were used to ascertain 
the character of the bottom and the' quality of the life in the water at this 
place. The tows were examined by various members of the party after 
the return to the laboratory and the results of the examination entered on 
the regular blanks. This gave an approximate idea of the composition of 
the plankton from any station, as well as of the bottom fauna and flora. 
Various circumstances interfered with carrying out this plan in full at all 
stations. However dredgings were made in the majority of cases, including 
one at station xi from a depth of 112 m. , but at the deepest station, 130 
m., the dredge was not used. 

For the determination of the quantity I used the tubes of plankton 
collected at the various stations and preserved as described above. The 
contents of each were carefully transferred to a glass cylinder or measur- 
ing tube graduated to tenths of a cubic centimeter and were allowed to 
settle exactly twenty-four hours. The volume was then taken and 
recorded. This volume is only an approximation of the amount of the 
plankton since the latter is very light and will settle for days if left 
undisturbed. It will naturally settle more quickly if shaken occasionally, 
and the degree of concentration it reaches depends very clearly on the 
character of the material in this particular plankton haul. Finally the mass 
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• 

obtained depends to some extent upon the diameter of the measuring 
tube in wbiob tbe settling is done, as I ascertained in tbe course of some 
experiments on tbis matter. These experiments are discussed in full in 
anotber paper, and it is sufficient to note bere tbat tbe volumes entered 
in tbe table were measured in tbe same tubes and as exactly as possible 
under the same conditions as those recorded by Beigbard for Lakd> St. 
Clair. Tbe results, then, are directly comparable with those be gives 
(p. 29, 30), and are also an approximate measure of tbe amount of plank- 
ton in these waters. The volumes obtained are entered in tbe table of 
plankton hauls given bere (pp. 32-4.) 

These volumes are relative to the size of tbe net; and as was first shown 
by Hensen (87) and as is explained also by Beigbard (p. 28), for general use 
it is necessary to apply a total correction in order to find tbe amount of 
plankton under one square meter of surface. In tbis way are eliminated 
the special features due to the size of the individual net employed and tbe 
filtering power of the material used in its construction. In the first place, 
the net opening has not an area of one square meter and in the second 
place tbe resistance of the stuff forces some water aside, so that tbe net does 
not filter the entire column of water through which it passes. The area of 
tbe net opening is 1,237.86 sq. cm., so the correction for tbe area is 8.08. 
Hensen has given a table of corrections for varying velocities also, and 
these were used by Beigbard, though the uncertainty of tbe method by 
which they were calculated was discussed in an appendix (p. 67) to bis 
report. In some cases Beigbard was forced to adopt a correction for an 
average velocity since tbat for tbe observed velocity was such as to make 
the result an absurdity. Similar cases occurred in my own calculations as 
for instance at station IV, where the amount of plankton per cubic meter of 
water was more for tbe entire depth than any station furnished in the 
surface statum, and as will be shown later, this stratum contains always 
more than any other of similar thickness. I, therefore, calculated the 
amounts on the basis both of tbe observed velocity and of the average 
velocity, and plotted tbe results in a manner to be explained later. It 
was at once evident on tbe examination of the plot tbat tbe lines were 
practically coincident except in a few cases, and in half of these tbe 
results based upon observed velocity were evidently false. I therefore 
decided to use a correction of 18.10 based upon an average velocity of 
0.61 m. per second and a net opening of -g^-g sq. m. And the amounts 
under each square meter of surface as given in tbe table are obtained by 
multiplying tbe volume of plankton taken by this average correction of 
18.10. Tbe results in the corresponding column of Beigbard's table were 
obtained by using tbe actual correction according to Hensen's method save 
in tbe few instances noted. My adoption of an average correction was 
influenced not only by the facts abo7e but also by some other considera- 
tions. In tbe first place a physicist, who at my request made a very care- 
ful examination of Hensen 's method of approximations, gave it as his 
opinion tbat tbe physical principles involved would not hold good for 
velocities at either extreme, if indeed they were correct for mean veloci- 
ties. In the next place, it is difficult to observe the exact time of a haul 
and tbe error in observation, which is of course increased by movements 
of tbe boat or by irregularities of tbe surface of the water, is proportion- 
ally very much greater for tbe shallower strata. Finally in comparing 
results of Beighard, and myself, it will be possible to see whether tbe 
the deductions made hold good under both circumstances, tbat is are really 
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gflnersl prinolplea, or vbetbei they are modified id any wb; by the method 
of OBloulBtJoa employed. 

The volume per cable meter of water aa given in the table is obtained 
by dividing the volume under one equare meter of enrface by the depth 
of haul. Other details of the table are self explanatory. The haals at 
stations I to IV inclusive were made on the first day and were somewhat 
experimental; they differ from the others in method of handling and pre- 
serving, and have not the same series of strata in depth; they are 
hence discarded in the study of strata. The hauls at XIY* were int«r- 
mpted by a terrific squall and hence this is also omitted in the same con- 
nection. 

A brief consideration of the question will show that the errors in the 
method employed are all in one direction and tend constantly to reduce 
the real amount, to mcLke the final result less than the quantity actually 
present in the water. Although carefully guarded against, the loss of mi- 
nute quantities by accident or in the course of the numerous manipulations 
undoubtedly does take place. Pauses however slight, or unequal velocities 
in movement daring the raising of the net, failure of the gauze to filter as 
rapidly as usual owing to clogging or to some other cause, reduce the 
amount of water filtered by the net and hence also the amount of plankton 
obtained below that actuaUy present in the column. Finally some forms, 
good swimmers, will escape ^e net as it is hauled up; this error is evi- 
dently less with oar net, having an opening of 1,238 sq. cm. in area than 
with the nets used in European lakes by Zacharias and Apstein in which 
the area of the opening did not exceed 64 to 100 sq. cm. 

This method aoee not, then, give absolute exactitude, nor can I see why 
that would be more desirable if possible. The variations in the amount 
of plankton present are greater far than the errors of the method, as 
already illustrated, and the approximation obtained by this method is suf- 
ficiently near for practical purposes. Certainly it is true that, since all 
errors tend only to reduce the actual amount, ike volume of plankton 
present is not less than ike figures given in ike table. A single exception 
must be made in those cases when foreign matter is accidentally incladed 
in the net but these are easily detected by microscopic examination of the 
mass. 

From Lake Michigan in the Charlevoix region eighteen bottom hauls 
show the following results in total amount of plankton obtaiued: 
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* StatloDB will be denoted hereafter br a Roman nameral oalj. 
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Id Bound and Fine lakes, which have immediate and free connection 
with Lake Michigan at Charlevoix, the amounts obtained in nine bottom 
hanlfl were aa folTowB: 
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Twenty-seven bottom hauls were made in Lake St Clair in 1893, two at 
each station except the first, with the following results (Beighard94P'31): 
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The total average for all Lake Michigan stations is 3.69 cc. of plankton 
per cubic meter oi water. In Lake St. Clair the total average was 8.03 cc. 
per cubic meter of water. But the stations in Lake St. Clair varied in 
depth from 1.5 to 5.6 metera, while Lake Michigan hanlB extended from 4 
to 130 m., so that the comparison should be made with correaponding hauls 
of the latter only, and these have an avenge of 6.39 cc. or more than double 
the amount oE the St. Clair hauls. The tabulation of results (Fl. I and 
IH) afford a graphic presentation of these relationa. Lake St. Glair 
contains only half aa much plankton per cubic meter of water as is taken 
from water of equal depth in Lake Michigan at Charlevoix. 

Beighard records (p. '67) the average of four bottom hauls made in Lake 
Erie in 1893, aa S.98 cc per cubic meter of water. If compared with the 
hauls of corresponding depth in Lake Michigan they are evidently richer, 
and that by forty per cent. Beighard notes, however, the peculiar location 
and richness of the two stations at which the four hauls were made and 
mentions a third station with a different location and a much smaller vol- 
ume of plankton. Including this haul also, the average of all the Lake 
Erie stations ia 7.41 cc. of plankton per cubic meter of water, which is 
nearly one-sixth more than the average of stations of equal depth on Lake 
Michigan at Charlevoix. The number of obaervations is too small to per- 
mit of a positive statement, bat it seems probable that there is somewhat 
more plankton per cubic meter of water in the western end of Lake Erie 
than in water of equal depth in Lake Michigan near Charlevoix. 

In comparison with the volumes for European lakes, given by Apsteln 
(94), Lake Michigan in theCharlevoix region la decidedly "plankton poor." 
Thna, in September, Great PlOner See, which iaa typical "plankton poor" 
lake, contains, for a depth of 40 meters, 5 cc. of plankton per cubic meter 
of water. In Lake Michigan, two hauls of almost the same depth, XX and 
XXII, averaged only 2.55 cc. of plankton per cnbic meter of water, or about 
one-half as much. And yet this small amount which is present constitates 
in toto a tremendous maaa. The estimated volume of Lake Michigan is 
about 7,500,000 millions of cubic meters, and if the average of the lake con- 
tains an amount of plankton per cubic meter of water equal only to the 
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lowest amoDnt for any bottom haul of the Charlevoix r^on (1.23 cc. at 
XVII'), the total maaa of plankton in the entire lake would eqnal more than 
nine and one-third milliona of cubic metera. Thia deepest haul, XVII', was 
made at about the average depth of the lake and hence may well be taken 
as a representative haul for the lake, especially since, as the chart shows 
(PI. I), this haul does not depart appreciably from the normal line of rela- 
tive volumes — to be discussed later. 

It is valuable to consider for a moment what actoal amount of food is 
contained in this volume of plankton. For this purpose two masses of 
plankton, XIII' and XIX* were selected as average hauls, and XIX' as an 
instfltice of a haul which was evidently much polluted by foreign matter. 
The plankton was shaken up in a limited quantity of alcohol and a certain 
portion of the mixture removed, weighed, air-dried and weighed again. 
The weight of the same sample was tuso taken when dried to a constant 
weight at 100° C. and after calcining the ash was weighed. The ash was 
then digested in concentrated hydrochloric acid, washed, dried and weighed 
to obtain the approximate amoaut of sand present. * The plankton wbicb 
remained after the removal o£ the small portion treated in me manner just 
described, was measured by the volumetric method and from thia the exact 
portion removed was calculated from the original volume of the plankton. 
These results are expressed in the following table: 
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From these data may be obtained by simple calculation the following 
table in which figurea are given to the nearest whole number: 
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A microscopical examination of XIII* and XIX* shows that tbey are 
very nearly pure plankton. We may then from the average of these two 
estimate that such plankton contains about 3.5 per cent of silicious mate- 
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rial, 10 per cent of other earthy substances, largely calcareous, and 86 per 
cent of organic substance. The first element is entirely useless as food 
and the second somewhat so, but the third consists almost wholly of nutri- 
tive matter. From this somewhat rough calculation it may be seen that 
the plankton contains almost wholly matter useful as food and that the 
percentage of useless matter is very small. 

Oomparing these figures with those from XIX^ it appears that there is 
in the latter haul an excess of 50 per cent in sand and 64 per cent in total 
inorganic matter. This represents foreign matter included in that haul 
and yet not all since there was also organic matter stirred up from the 
bottom in the haul and 75 per cent is a low estimate of the total foreign 
substance; this would make the actual volume about 7.6 cc. A more 
detailed description of the process and of its value in plankton studies may 
be found in another paper (Ward, 96'). 

Hensen (87, p. 34) has made some determinations of the percentajp;e of the 
various elements in oceanic plankton, with the following results lor fresh 
plankton hauls, which were drained nearly dry and then subjected to 
quantitative analysis. These hauls were composed largely of diatoms and 
contained also a certain unknown amount of sea water: 

Organic matter 42.1 25.5 39.6 

Soluble salts . 7.3 43.8 17.3 

Insoluble salts... 50.6 30.7 43.1 

The large percentage of soluble salts is undoubtedly due, in part at least, 
to the salt of the sea water, but even after the elimination of that factor, 
it will be seen that the lake plankton is very much richer in organic mate- 
rial, that is, in actual food matter. Some analyses of single species given 
by Hensen approach more nearly to the results obtained for the lake 
plankton. Thus Mysis, analyzed after drying, contained 89.6% of organic 
and 10.4% of inorganic matter; for Salpa the percentages were 85.4 and 
14.6. and for other species similar results were obtained. From this it 
appears that the lake plankton is much more nearly pure food material 
tnan the marine plankton, having not far from the same proportion of 
organic matter that is contained in the more favorable forms from the 
ocean. 

The total amount of plankton in the lake may also be estimated from 
the average volume of the two normal hauls XIIP and XIX^. Both hauls 
are from a depth of 25 m. and as will be shown this distance includes the 
great bulk of the plankton. The small amount below this limit will more 
than balance the deficiency in each limited areas as are less than 25 meters 
in depth. Under 1 sq. m. of surface at a depth of 25 m. these hauls show 
1.5 to 2 g. of plankton, which amounts to 16 to 20 kg. to the hectare. The 
total area of Lake Michigan is about six million hectares or six hundred 
square myriameters. A weight of plankton equal to 16 to 20 kg. to the 
hectare becomes 150,000 to 200,000 k^., or 160 to 200 metric tons to the 
square myriameter, or for the entire lake a mass of six hundred times that 
quantity, making the total weight of plankton in Lake Michigan not less 
than 90,000 to 120,000 metric tons.^ Unless there is a much larger amount 
of plankton in the Oharlevoix re^on than in other parts of the lake, a con- 
dition not at all likely, this estimate is conservative and falls below the 
true amount, since in it was discarded all the plankton lying below the 25 
meter line. It is true that below this limit there may not be a large quan- 
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tity to the cubic meter, yet the enormous area of the lake and the conBid- 
erable depth below that limit would make even a small factor important on 
the whole. The table on page 60 shows that nearly half of this is con- 
tained in the surface stratum of two meters in thickness; or, expressed in 
terms of the actual amount, the surface two meters of Lake Michigan con- 
tains from 40,000 to 60,000 metric tons of plankton. 

This calculation may be verified by a second computation, made on a 
different basis. As shown above. Lake Michigan is estimated to contain 
about 9,300,000 cubic meters of plankton. From the table given on page 
88, it appears that 1 cc. of plankton weighs about .011 to .012 g., or 1 cubic 
meter would weigh 11 to 12 kg. The total mass of plankton in the lake, 
9,300,000 cu. m., would on this basis weigh from 102,300,000 to 118,600,000 
kg. or 102,300 to 118,600 metric tons. The close agreement in the results 
reached by this and the preceding method is evidence of the correctness 
of the approximation. 

From these data it is easy to estimate the amount of plankton found 
under each acre of surface. Thus, 16 to 20 kg. to the hectare would equal 
12 to 16 lb. per acre of surface. In comparing this with the production of 
the land it is necessary to consider the very high proportion of organic 
matter present here. Hensen (87, p. 96) has made a similar calculation for 
the ocean on the basis of the sum total of increment in the plankton from 
haul to haul; thus in a dozen periods having a total length oi 228 days, the 
sum of all the increments in the plankton was 4,162 ccm. ; an average of 18 
ccm. per day, which in the course of the year would equal 6,570 ccm., and 
on the basis of analysis would contain 16-17 g. of organic material. The 
destruction of food matter by the Copepoda he had previously calculated 
at 133 g. yearly; hence the total yearly production must be at least 160 g. 
per square meter of surface. The estimated production of a similar area 
in grain would be 180 g. of dry organic matter, so that the water is little 
if any inferior and the consideration of other factors may easily show its 
productivity to be greater than that of the land. 

More recently Zacharias (95, p. 107) has essayed a similar estimate on 
the basis of a single element, the increase in the amount of Melosira which 
reached within 29 days the sum of 1,500 kg. per hectare, or 1,200 lb. per 
acre. 

From comparison of these figures with those of the fertility of 
the land, as measured by various crops, these authors are inclined to believe 
the productivity of the water equal to that of the land, or even slightly 
greater than it. There are, however, certain sources of error, especially 
in the latter comparison, which materially influence the result. In the first 
place the comparison is made by both authors with land in a high state of 
cultivation, whereas, the water is as yet untouched by like processes of stimu- 
lation. But more than this, the land which is taken as the basis for com- 
parison, is protected from inroads and the entire product of its fertility stored 
up for future use. In the case of the water, the plankton is subject to 
daily and hourly diminution, one form devouring another until the mate- 
rial is finally carried beyond the reach of all calculations. The periodic 
increase in the volume of the plankton takes place in spite of the constant 
drain on its mass; and even were there no increase at any time, it is clearly 
evident that there must be active growth to keep the volume constant. 
To meaisure this growth, or to arrive at an approximate idea of the fertility 
of the water is, I think, beyond the limit of present possibilities. More 
d!0ta with reference to the continuous consumption of the plankton than 



BIOLiOQICiLL EXAMINATION OP LAKE MICHIGAN. 41 

those afforded by a single group must be obtained before we can estimate 
its ratio of growth. But least of all can the productivity of the water be 
measured by the abnormal increase of a single factor in the plankton. 
One thing is certain the productivity of the water is great enough to keep 
the food supply intact against all inroads made thus far. When the first 
European settlers reached this region they found the waters of the lakes 
teeming with fish. At least an equal number could thrive now in these 
waters. 

DISTRIBUTION OF THE PLANKTON. 

The distribution of the mass of food material is of the greatest moment 
for the fish culturist and the existence of variations in the quantity 
deserves careful investigation. There are in fact several problems here. 
The plankton may be equally or unequally distributed at various times of 
the year; independent of such seasonal variations there may be also varia- 
tions in the amount found in different parts of the lake, the horizontal 
or areal distribution, and finally at any given time of year and point in 
the lake the plankton present may be unequally distributed in various 
levels of the water The last question, that of vertical distribution, may 
be subject to modification during the course of twenty-four hours as a 
result of periodic migration or of passive change in level on the part of the 
various components of the plankton. Each of these questions will be 
discussed in the light of the investigations made at Charlevoix. 

It is evident that only long continued observations in any region can 
throw light on the first question, that of seasonal distribution. Thus 
far the only information on the yearly variations of the plankton in any 
locality comes from a paper by Apstein (92) in which is given the yearly 
curve of plankton volumes for Gross PlOner See in Holstein. This 
shows a rapid increase through August and September to the maximum 
which falls near the beginning of October and an equally rapid decrease 
from that time through November. The minimum occurs in February 
but the decrease to it and increase from it are gradual. It would be ven- 
turesome to hold that the seasonal variation in Lake Michigan was the 
same, yet a similar increase in amount with the rising temperature of the 
water and decrease with lowering*x)f the same is altogether probable. If 
this be so our observations were made during the time in which the volume 
of plankton was approaching its maximum. 

If long extended observations are necessary for the determination of 
seasonal variations, the reverse is true in the investigation of horizontal or 
areal distribution. In order to avoid the progressive yearly variations in 
the mass of plankton those observations which are to be used for comparison 
in determining horizontal and vertical distribution must be made within a 
limited time. It is evident then that the series of hauls made in Lake St. 
Clair and in Lake Michigan are peculiarly fitted for the discussion of 
these questions since each series fell within a limit of ten days; and since 
both were made at almost exactly the same season of the year they may 
safely be compared with each other also. The results possess great 
strength as scientific evidence since they are deduced not from single iso- 
lated experiments, in which error or chance may play a promiment part, 
but are based upon systematic observations numerous enough to eliminate 
chance and to show whatever errors may inhere in the methods employed. 
This cannot be too strongly emphasized in the ligjit ol ^ ^o'^\\i'i$,\fs^^iss^i»ss^ 
6 
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to discover principles and to corroborate the work of other investigators 
on the evidence afforded by a single experiment! 

The first element which may be considered in its effect on areal distribu- 
tion is depth. The hauls made in the Charlevoix region are well fitted to 
afford evidence on this question since they cover very wide conditions in 
respect to depth. Omitting those few hauls which have already been set 
aside as experimental or failing to agree in some important particular with 
the others, the remainder may be grouped in four classes; the first three 
include those made in Lake Michigan and the fourth those from Bound 
and Pine lakes. Glass A includes Lake Michigan hauls made in water 
from 4 to 12 meters deep; B those from a depth of 20 to 42 meters and C 
comprises those hauls from water whose depth varies between 50 and 130 
meters while in D are grouped all those made in Bound and Pine lakes 
where the water was 4 to 30 meters deep. The hauls under D are not suf- 
ficiently numerous for subdivision although they evidently correspond to 
those of both A and B in Lake Michigan. 

Total No. 

Shallow hauls in Lake Michigan include XII, (XIV) * XV... 6 
Medium " " " " " (II, IV,) IX, XIII, 

XVI, XVIII, XIX, XX, XXI, XXII 41 

Deep hauls in Lake Michigan include (I, III,) X, XI, XVII.. 22 
Hauls in smaller lakes include V, VI, VII, (VIII), XXIH, 

XXIV, XXV, XXVI.. _. 30 



A. 
B. 

0. 
D. 



Total number of hauls made. 



99 



If for the various bottom hauls the total amounts of plankton obtained 
are brought together and then averaged for the separate groups, we have 
the following: 
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Considering then the Lake Michigan stations alone it is evident that at 
least to the limit of our experiments, the total amount of plankton 
increases with the depth of the water. The average amount for all stations 
in Lake Michigan is obtained from the total average of the three tables, 
and reaches 6.16 cc, being curiously the same as the average amount for 



* Those in parenthesis are not aTailable for the stadr of the Tarioos strata. 
•• Omitted in the aTerage for reasons siTsn on page 45. 
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stations oE medium depth. For comparison the table of total amounts for 
class D is given here. 



D. Nomber of Station 


V. 

4 


VI. 


VII. 


VTII. 


XXIU. 


XXTV. 


XXV. 


XXVl. 


At. 


Total Tolnme inoc.of plank- ( 
ton obtained - .... . 


8.50 


3.78 


5.20 


8.55 
8.20 


8.83 


1.52 


2.68 


2.71 


3.82 





















It must be remembered that Group D includes stations of all depths in 
Pine and Bound lakes and ought to be compared with the sum of A and 
B rather than with any one or all of the Lake Michigan groups. From this 
it would appear that the total amount of plankton is somewhat smaller in 
Pine and Bound lakes than it is in adjacent waters of Lake Michigan. 

From Beighard's table of plankton hauls (pp. 29, 30) the average amount 
taken in all bottom hauls in Lake St. Olair is found to be only 0.63 cc. and 
for the four bottom hauls taken in Lake Erie 2.98 cc. It is difficult to 
compare these amounts correctly with each other or with the results (iven 
above, since the depth is different at each station; and there is further- 
more no basis for comparison with the resulti3 obtained by other 
investigators with a vertical net of a different size. If, however, instead 
of taking the total amount of plankton obtained in each bottom haul, we 
compare the amount per cubic meter of water as found for each bottom 
haul by calculation and entered in the last column of the table, close com- 
parisons can th'^n be made between the different hauls. This is done in 
the following tables: 



A. Nnmbflr of Btatioa . . - 


XII. 


XIV. 


XV. 


At. 






Amount of plankton in oo. per on. m. of water.. . .. 


5.68 


8.16 


5.34 


6.89 







B. Nnmber of Station 


II. 


IV. 
4.91 


TX. 


XIII. 


XVI. 


xvni. 


XTX 


XX. 


XXI 


XXTI. 


At. 


Amoontof plankton in oo. per ( 
CO. m. of water .............. ' 


8.82 
8.2D 


4.46 


4.77 


5.88 


2.49 


5.98 

« 


2.68 


4.08 


2.41 


8.82 























G. Nnmber of Station 



Amount of plankton in oo. per on. m. of 
water 



I. 


III. 


X. 


XI. 


XVII. 


1.64 


2.70 


201 


1.52 


1.28 



At. 



1.82 



D. Number of Station 


V. 


VI. 


< — 
VII. 


VIII. 


XXIII 


XXIV. 


XXV. 


XXVI. 


At. 






Amount of plankton in oe. ( 
per on. m. of water ( 


2.88 


2.28 


3.14 


5.84 
5.27 


8.96 


6.88 


3.17 


2.34 


8.98 



















From these tables it appears that the volume of plankton per cubic 
meter of water is greatest at the shallower stations, and least at the deepest 
stations while the medium hauls retain a mean position with reference to 



*Not arecaged ; see pages 88 and 45, 
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the others. Before comparing the stations in class D it should be noted 
that there may be taken two sets of hauls corresponding to groups A and 
B; the first consists of VIII and XXIV, hauls having a depth of 4 to 11 
meters, and agrees almost exactly with the limits of class A (4 to 12 m.) 
while the hauls V, VI, VII, XXVI from depths of 21 to 30m. correspond 
closely to the shallower half of class B. Hauls XXIII and XXV come 
between the two and are set aside for the moment. The average volume of 
plankton per cubic meter of water is for the first set 6 cc., a trifie less than 
the average of hauls in class A, and for the second set it is only 2.66 cc. 
which is much less than the average for class B. It should be noted also 
that the hauls correspond only to those in the shallower half of class B 
and this should have the greater amount of plankton per cubic meter of 
water if the principle just stated, namely, the decrease in amount of 
plankton per cubic meter of water with increase in depth of the water, 
holds true of the stations in general as it has already been shown to obtain 
in the artificial groups A, B, and G. And in fact the average for those 
stations in class B having a depth between 22 and 30 meters is 4.18 cc. 
which is nearly sixty per cent greater than the average amount from the 
stations of equal depth in Pine Lake. This seems to show first, that the 
average amount of plankton per cubic meter of water is somewhat less in 
Bound Lake and in the shallow part of Pine Lake than in corresponding 
depths of Lake Michigan; and secondly that in the deeper portion of Pine 
Lake the amount of plankton per cubic meter of water is very much less 
than at stations of equal depth in Lake Michigan. 

Comparisons simply by figures such as the preceding are somewhat 
unsatisfactory in that they can not ordinarily be kept in mind or arranged 
in such a way that their interrelation becomes perfectly clear. So, for 
instance, in the sets of tables just given (pp. 42 and 43) it was shown that 
the total volume of plankton increases with the depth but the volume per 
cubic meter of water decreases under the same circumstances. This was 
clear as between the three artificial series of hauls. A, B, and G,,of which 
averages were given. But the question is naturally suggested as to whether 
it also holds true of the terms of the series and to what extent it is regular 
or periodical. In other words, are the increase in total volume of plank- 
ton and the decrease in volume per cubic meter of water comparatively 
constant, or does one find sudden changes at certain points. It was in the 
course of studies upon these questions that I hit upon a method of repre- 
sentation which shows these relations most clearly and unmistakably. 

If common "cross-section paper" of suitable size and ruling be employed 
and if the vertical lines be taken to represent stations and the horizontal 
lines distances or amounts, a line may be drawn connecting the various 
points denoting the depth of each haul, and this may be called the line of 
depths. Similarly, by connecting points, indicating the total volume of 
plankton obtained in a bottom haul at each station, a line of total volumes 
is obtained and in a like manner a line of volumes per cubic meter of 
water. The position of the lines will then indicate clearly the relations 
between the factors of depth, total volume and volume per cubic meter of 
water. This has been done for all the bottom hauls in Lake Michigan 
(PI. I), which are arranged in order of depth so that the line of depth (D) 
turns continuously in one direction from the shallowest haul (XII) at one 
side of the plate to the deepest (XVII) at the other. The course of this 
line of total volumes ( T ) is not entirely in the single direction, but there 
are nnmerona retrogreaaive variations, the most marked of which is that 



BIOIiOGICAL EXAMINATION OF LAKE MICHIGAN. 45 

made at the vertical XIX. This was a noticeable point in the first rough 
draft of the plate, and I set at once to work in order to find, if possible, 
the cause of such an irregularity, for, when there could be found no mis- 
take in the calculation, the idea of a swarm came up at once since such an 
abrupt increase and decrease in comparison with the antecedant and the 
subsequent baul of nearly equal depth must have been due to the localized 
massing of the plankton, in full or in part, or to something foreign. It 
proved to be the latter; for in my field notes was entered against this haul 
(XIX*^) "full of sand (current?), probably poor for measuring," and at the 
time of measuring this tube of plankton I noted opposite the amount, " too 
much sand, throw out." By approximation from the hauls of (XYIII) and 
(XX), which agree closely in time, place, and general conditions, as well as in 
amounts at other depths, I judged the amount of true plankton to be about 
7.5 cc. instead of 11.90 cc. as measured and entered in the table.* This 
haul is more fully discussed elsewhere in connection with the vertical dis- 
tribution of the plankton. I have hence drawn a dotted line to indicate 
more nearly the true relation of the plankton for XIX. As far as the other 
variations are concerned, they are not sufficient to change or even mask 
the relation of this line of total volumes to the depth, and hence they may 
be passed here. It may be that they are due to a cause similar to that in 
the case just explained, but less in amount, or to errors in the instruments 
or methods employed, or finally to actual small variations from the normal 
in the amount of plankton in a certain place. 

So far as the general tendency of this line (T) is concerned it agreed 
with the line of depth but shows also an individual variation. During the 
first part of its course it indicates a uniform increase in the total volume 
more rapid than the increase in depth; after a depth of about thirty 
meters has been attained, however, itis direction is variable and uncertain 
until the sudden change in depth between X and XI where it marks an 
increase less decided than that in the depth. The slight decrease at XVII 
would be an equally slight increase were the amount for the haul of 50 
meters at this station substituted for that from the bottom; that is the 
amount of plankton is approximately equal at the two stations XI and 
XVII. The relations between the depth and the total amount of plankton 
present may be summarized as follows: Up to about thirty meters of depth 
the amount of plankton found in the lake increases more rapidly than the 
depth, but beyond fifty meters decidedly less rapidly. Further experi- 
ments are necessary to determine whether there is comparative uniformity 
in amount or a slight increase for depths beyond one hundred meters. 

The third line on this plate (B) joins points on the verticals of the vari- 
ous stations, indicating by their distances from the upper margin the 
amount of plankton in cubic centimeters per cubic meter of water, as 
shown in the last column of the table (pp. 32-34). In contrast to the line of 
total volumes last considered it may be called the line of relative volumes. 
It will at once be clear that it follows the opposite direction from the line 
of total volumes and shows a decided decrease from the shallower stations 
to the deeper. It is also most irregular in the first half of its course and 
there also departs most from the dotted line of averages which is almost 
coincident with it near the end. This is undoubtedly dae in large part to 
the greater influence on the amount per cubic meter which is exerted by 
errors in the capture of the material or in measurement later, since the 
divisor, the depth of the water, is a smaller number for the shallower sta- 

* Almost exactly the fame raealt was reached by a mote ooTn^UoaXA^xck^XX^^X «ka^.^> 
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tions. An error of measaremeiit for instance canses a greater departure 
from the normal when distributed over only eight meters of depth than 
when divided among fifty to one hundred meters. 

In the next place it is evident that local conditions influence most 
strongly the shallower stations. SDme are sheltered by projecting shores 
or are on wide areas of shallow water where the temperature is higher than 
in a more exposed situation. Ourrents or winds may also accumulate 
plankton at such points oi* may reduce the average amount somewhat. All 
of these agencies are less likely to act unequally in the freer open waters. 
At some of the shore stations, which show the greatest variations from the 
average a cuirent could be noticed but it was difficult on account of the 
wind and the roughness of the water to determine without special instru- 
ments which were not at our command, its direction and strength. The 
dotted line which is a part of the line of relative volumes is thought to 
indicate closely the average amount of plankton per cubic meter of water 
and the irregularities of the solid line (R) show then the variations from 
that average. It will be noticed that no variation is equal to one-third of 
the relative volume and that most of them are very much less than that. 
The extreme deflection at XIX is of course due to the same cause as that in 
the line of total volumes and the dotted line from XYIII to XX indicates 
a correction on the same basis as that already discussed for the line of total 
volumes. 

It may be noticed that some stations are omitted from the chart. They 
are those mentioned on page 42 at which, owing to various causes, a 
series of hauls was not made and which on that account cannot be used in 
the following tables and in the discussion of the vertical distribution of 
the plankton. They are therefore omitted here also in order that the 
various charts may be capable of being exactly compared. If included, 
the lines on the chart would not have been materially altered. 

The following conclusions may then be drawn from these studies as to 
the amount of plankton in Lake Michigan in the Charlevoix region. 

I. The total volucne increases with the depth, but more rapidly for 
depths up to about thirty meters than beyond that point. 

II. The volume per cubic meter of water decreases as the water grows 
deeper. This decrease is irregular for the shallower stations, but compar- 
atively constant in deeper water. 

III. No variation is large enough to warrant the assumption of the 
existence of alternate densely crowded and barren areas in the water, i. e. 
of masses or ' 'swarms" of the plankton as a whole. 

On plate I^ are plotted the same lines for the stations, in Pine and 
Bound lakes. A glance will suffice to show that the same conclusions may 
be drawn here also, the total volume of plankton obtained in the bottom 
hauls increases comparatively regularly with the depth and with approx- 
imately equal rapidity for all depths reached. However, all stations 
made, and in fact the extreme depth of the lake, fall within the thirty 
meter limit which was seen to be about the termination of the rapid 
increase in the total volume of plankton in Lake Michigan. The amount 
per cubic meter of water as shown by the line of relative volumes (B) 
decreases very rapidly in the shallower regions but remains comparatively 
constant for hauls of twenty meters or more. The numbers of hauls in 
Bound and Pine lakes is rather small to use as the basis of general con- 
olusions on the distribution of the plankton in these waters, but so far 



BIOIiOGICAL EXAMINATION OP LAKE MICHIGAN. 47 

as they go they show exactly similar conditions to those prevailing in Lake 
Michigan. 

In the comparison, which should be ihade only with the part of I^ 
lying to the left of the vertical XIII, however, it is noticeable that both 
tiie Tine of total volumes and that of relative volumes fall above the 
corresponding lines for stations of equal depth in Lake Michigan. With 
the exception of those at the shallowest station all hauls in the smaller lakes 
show both absolutely and relatively leas plankton than was taken in hauls 
of the same depth from Lake Michigan. 

I have taken from the table given in Reighard's report corresponding 
data on the depth, the total and relative volumes of the plankton for Lake 
St. Olair and have plotted them in a similar manner (PL III). The 
line of total volumes (T) increases slightly but with striking uniformity 
from the shallowest to the deepest stetion and throughout its course 
closely parallels the line of depth (D). The line of relative volumes (R) 
is somewhat irregular, especially at the shallower stations. A general 
tendency in its course is not pronounced but it certainly does not show a 
decrease with increase in depth. In^other words the total amount of 
plankton per cubic meter of water, taken in bottom hauls in Lake St. Clair, 
seems to be nearly if not quite independent of the depth of the water. 

The explanation of the apparent contradiction between this and the 
distribution of the plankton in the northern lakes as described above, is to 
be found in the widely diflPerent conditions which obtain in the two places. 
Only one station in Lake Michigan came within the limits of the deepest 
of the sixteen bottom hauls in Lake St. Olair. The meagre depth of the 
latter region is accompanied by minimal diferences in the temperature of 
the water at the top and bottom, 1° 0. being the greatest diflPerence 
recorded. In the next place the considerable inflow and outflow cause 
rapid exchange and continual mixing of the water at all levels and make 
Lake St. Olair merely an expansion in the course of a river. It is as such 
subject to widely different influences which yield results naturally unlike 
those that obtain in the deep and stable waters of the northern lakes. 

In one respect the chart of hauls from Lake St. Olair affords even more 
decided evidence than those of Lake Michigan and Pine Lake. There is 
no difference considerable enough to warrant the assumption of the exist- 
ence of swarms of the plankton as a whole. 

The question of temperature was carefully studied but I was unable to 
detect any relation between the volume or variations of the plankton and 
the temperatures recorded at the various stations. I was also unsuccessful 
in discovering other factors which affect the areal distribution of the mass 
and am inclined to think that in the St. Olair and Oharlevoix regions at 
least depth is the only prominent factor inflaencing the horizontal distri- 
bution of the entire mass of the plankton. 

The entire discussion thus far has been based upon a study of the vari- 
ous bottom hauls, but there was made also at each station a series of 
partial hauls. The comparison of these partial hauls with each other and 
with the bottom hauls show some particulars with reference to the vertical 
distribution of the plankton as a whole which deserve consideration here. 
In the course of corresp mdence with Professor Reighard during the past 
year, he sent me a synopsis of the possibilities in the case which seems of 
much value in its bearings on the question under consideration as to war- 
rant its reproduction here. 

'^The following conditions are possible with regard to the distribution 
of plankton in a body of water. 
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J. The plankton may be uniformly distributed through the whole volume 

of water. This condition is thoaght noc to exiert in nature. 
II. The plankton is unequally distributedj and the water may be divided 
into artificial strata in which 

A. The volume of plankton per cubic meter df water is unequal 
for different strata of equal thickness but 

1. Equal for different parts of the same stra- 

tum. — This is the condition to be expected 
from the natare of the environment which 
in so far as it is not influenced by currents, 
may be said to vary with the depth but to 
remain constant throughout any thin hori- 
zontal stratum. It is the condition defended 
by Apstein and would yield in all parts of a 
lake equal volumes for equal depths, whether 
hauls extended to the bottom or not. 

2. Unequal for different parts of the same 

stratum; in this case there are two possible 
groups of cases. 

a. The inequalities of the strata may 

be so arranged as to compensate 
each other in such manner that in 
vertical columns of water of equal 
dimensions extending from the bot- 
tom to the surface there will always 
exist equal volumes of plankton in 
different parts of the lake. This 
would result from II. A. 1. in case 
migrations of large numbers of 
individuals occurred only vertical- 
ly. This condition would yield 
equal volumes for equal bottom 
hauls but unequal volumes for some 
other equal hauls. 

b. Or arranged without reference to 

each other so that vertical columns 
of water of equal dimensions and 
extending from surface to bottom 
will usually contain unequal vol- 
umes of. plank ton in different parts 
of the lake. This would result from 
I. or II. A. 1, by migration of masses 
of individuals horizontally or ob- 
liquely. Such migrating masses 
may prod ace local accumulations 
of any conceivable form or size, 
Bucb as spheres, sheets extending 
horizontally or vertically, etc. They 
are thus capable of producing a 
wide range of variatioa in the vol- 
ume of the plankton from bottom 
and other hauls. 
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The migrating masses may consist of all the species existing in the 
plankton and in the proportions in which they exist there — in which case 
the resulting local accn^alations may be called plankton swarms; or they 
may consist of one or several species and might be called species swarms. 
Species swarms occurring in such way as to compensate one another would 
remain undetected by the volumetric method." 

The work of the first day with the vertical net was experimental, and 
does not show any uniformity in the number or depth of the various hauls 
at each station, as given in the table, page 32. They cannot be used for this 
reason in the comparative study of the strata. In all hauls thereafter we 
distinguished a number of artificial strata as follows: 

1. A surface stratum from 2 m. to the surface. 
An intermediate stratum from 5 m. to 2 m. 
An " " " 10 

An " " " 25 

A deep " " 50 

A " " " 100 

A " " below 100 " 



2. 
3. 

4. 
6. 
6. 

7. 






(( (( 



(( (( 



5 
10 
25 
50 



(( 



C( 



(( 



(( 



Twenty hauls each were made for the first two groups, while only two 
fall in the last group, and in all calculations, except the first table where 
all hauls are recorded, these are included in the stratum above as from 
the bottom to 50 m. The amount of plankton under one square meter of 
surface obtained in the various hauls from Lake Michigan is shown in the 
following table: 



Namber of Station 


IX. 


X. 


XT. 


XIII. 


XV. 

25.84 
31.18 
58.40 


XVI. 


XVII. 


XVIII. 


XIX. 


XX. 


XXI. 


XXTT. 


2 m. to sarftuse 

5 m. to sorfaoe ._ 

10 m. to rnrfaoe 

8S m. to tnrfaoe 


19.87 

40.78 

54.66 

117.29 

116.02 


18.46 
26.25 
47.78 
96.84 
106.79 


22.08 

85.30 

66.61 

115.48 

157.83 

170.82 


28.42 

41.63 

79.64 

169.24 

148.17 


27.15 

42.85 

80.91 

126.84 


23.85 

44.35 

88.69 

159.28 

179.19 

160.87 


26.25 
38.67 
49.23 
90.14 
89.60 


25.70 

84.93 

58.88 

118.56 

? ? ? 


18.46 
31.68 
49.59 
82.90 
110.05 


28.17 
85.11 
50.82 
88.69 


17.74 
24.98 
49.41 
75.84 
101.86 


Bottom to Barfaoe __^. .. 






























Depth of bottom haal .. 


26 


53 


112 


30 


10 


28.5 


180 


.36 


36 


41 


22 


42 



The amount for the deepest stratum in each column represents the haul 
from the bottom, this usually does not coincide exactly with the deep limit of 
the stratum, but its extent can easily be told by the depth of the station, 
which is given in the lowest line of figures. 

Corresponding figares for the stations in Bound and Piae lakes are 
given in the next table. 



Namber of Station ... 

8 m. to sorfaoe 

5 m. to sorfaoe 

10 m. to sorfaoe 

16 m. to sorfaoe 

Bottom to sorfaoe 

Depth of bottom haol 



V. 


VI. 


VII. 


XXIII. 


XXV. 


28.89 


22.99 


30.41 


29.82 


21.72 


29.14 


42.54 


54.30 


88.49 


84.08 


44.16 




56.65 


45.43 


56.11 


59.01 


60.64 


68.60 




47.80 


63.35 


68.42 


94.12 


69.82 




22 


30 


30 


17 5 


15 



XXVI. 



25.52 
26.97 
47.06 

49*05 



21. 



60 
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If now the amonnt given for the aarface stratam of any station be anh> 
tiacted from the amount taken in the haal from 6 m. to the aarface, the 
remainder may be held to represent the amonnt in the stratam from 5 m, 
to 2 m. In the same way we may obtain the amount for the' stratum from 
10m. to 5m. and for that from 25 m. to 10 m., as also for the strata from 
the bottom to 25 m. The resnlts for the Lake Michigan hauls are given to 
the next table; they are, howerer, calcnlated to the nearest aing^te decimal 
only. 



Nnmber of BtaWon 


K. 


X, 


SI. 


Sill, 


XV, 


XVI. 


XTII. 


XVIII 


SIS. 


SS. 


XXI 


zxn. 


jS:Sf?f.::::::-: 




ffi! 


ai.8 

11 


BS.O 




ST.! 

1! 


39.4 

1 


is.a 

i 


111.1 

I 


1 




11.1 






















Depth or bottom haul .. 


£6 


5. 


113 


30 


1. 


" 


ISO 


M 


M 


" 


" 


a 



These artificial atrata are, however, of very different thickueas and in 
order to compare the amounts contained in them with each other it is necea- 
sary to reduce them to a commoa term, namely, the amonnt of plankton 
per cubic meter of water. This is done by dividing the total amount in 
any stratum for any station by the thickness of the stratum, and the results 
are given in the next table. 



Nomber of station. 


IX. 


X, 


XI, 


XIII. 


XV, 


XVI. 


XVII, 


XVllI 


XIX 


XX. 


XXI. 


XXII. 


§1 


Per 

oont. 


AmoDDt pec aa. m 

in BtFatom 0-t m_ 

T:: i| 


i 

-1,3 


B.I 


1 

0.2 


1 


1;i 


i.': 


1 

-0.2 


1 


3.1 


H 


ai; 


B.fl 
Jl 
1,1 
l,i 
1,1 


U,! 

o' 




U.4 
















^bffi ■"'■«"- 


■a 


S3 


112 


so 


1» 


21,6 


ISO 


BS 


„ 


^^ 


32 


it 


- 









It is at once apparent that the surface stratum contains a much greater 
amount, than any other stratum, on the average more than twice as much. 
The intermediate strata are not far from equal, and the deeper atrata are 
almoat without plankton. Reighard found in Lake St. Clair that the 
amount in the surface stratum which in his experiments was taken to be 
only of one and one-half meters in thickness, was greater than the 
total amount below, but this was evidently due to the shallowness 
of the water. In Lake Michigan it was nearly true of the shallowest station 
in the table (SV), but at all others the total amount below the two meter 
level was much greater than that above that line, Proportionally, however, 
the surface stratum is always much richer than any of those below it. In 
this connection it should be pointed out that the upper level, be it 1,5 or 
2 m ., is most susceptible to error. The time ia estimated with great difficolty 
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and hence the velocity is hardly correctly obtained. When an average 
velocity is made the basis for the correction of all hauls, as in the table 
used here, this difficulty is of little importance. More weighty errors are 
due to wave motion and to the difficulty of limiting exactly the depth 
desired since the error is a much greater part of the whole than the same 
amount would be for deeper stratal hauls. One would expect, however, 
errors in both directions, and since the minimum amount of plankton in 
the surface stratum is more than the maximum amount in any other deeper 
stratum it is evident that the difference in the true volumes of the strata is 
greater than double the possible error. Furthermore, the fluctuations in 
the amount of plankton contained in the surface stratum are not due to 
this alone since they are no greater than the variations for other strata 
where these errors play a lesser and evidently somewhat insignificant part. 
The amounts in the various strata in Pine and Bound lakes are obtained 
in like manner, by subtraction, and are as follows: 



Namber of station. 

2 m, to surface 

5 in. to 2 m. 

10 m. to 5 m. 

15 m. to 10 m 

Bottom to 15 m. ... 

Depth in meters... 



V. 


VI. 


VII. 


2CXIII. 


XXTV. 


XXV. 


28.9 

5.8 

15.0 

14.0 

4.3 


23.0 
19.6 

I 18.1 

7.8 


30.4 

23.9 

( 2.4 

\ 12.0 

25.5 


29.3 

4.2 

11.9 

^ 23.9 


29.0 
-1.5 


21.7 
12.3 
22.1 
-«.5 






22 


30 


80 


17.5 


4. 


15 



XXVI. 



} 



25.5 

1.5 

20.1 

2.0 



21 



If, now, the amounts per cubic meter of water in each stratum be found 
as before, the table becomes: 





V. 


Vi. 


VII. 


XXTTT. 


XXIV. 


XXV. 


XXVI. 


Ay. volcune. 


Number of station.. 


In CO. 


Per 
cent. 




Amount per on. m. in stratum 0—2 m. 
Jn strRtnm 2 to R mT._.. - ............ 


11.9 

1.8 
8.0 
8.0 
0.6 


11.5 
6.5 
1.8* 

1.8* 
0.5 


15.2 
8.0 
0.5 
2.4 
1.7 


14.7 
1.4 
2.4 

^ 3.2 


14.5 
-0.7 

r 


10.9 
4.1 
4.4 

-1.7 


12.8 
0.5 
4.0 

1 0.2 


18.1 

8.1 
2.7 

1.3 


94^ 
15,8 


•* " 5tolOm 


ISM 


" " 10 to 15 m 




" " 15 m. to bottom 


eji 










Depth of haul in meters 


22 


80 


80 


17.5 


4 


15 


21 













Here again it is evident that the surface stratum contains much more 
than any equal amount of water below it, in every case at least twice as 
much, and on the average four times as much as any other stratum. Both 
the average and the extremes show that the surface stratum in Bound and 
Pine lakes contains noticeably more plankton than the surface stratum in 
Lake Michigan. The deeper strata, however, appear to be decidedly 
poorer than those in Lake Michigan. 

The results given in these last two tables are much more easily examined 
when represented graphically, as in Plate II. As before, the vertical lines 
represent stations and the horizonial lines volumes or depths as indicated 
at the margin. The order of the various stations is the same as that of 
Plate I, and the dotted line of depth (Z)) is repeated here for convenience. 

* Tiiete wwe not taken as two separate hauls but together as one. See table page 82. 
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The points representing volumes of plankton per cubic meter of water at 
various depths are connected to form lines, 8 of the surface stratum, 2-6, 
5-10, etc., of the other strata. The interrogation points on XIX indicate, 
in the case of the one at 8.8 cc. the total actuStUy obtained for the stratum 
25-50 m., sand and all included (see p. 46), and in the case of the upper mark, 
a possible true value for the plankton less sand and other extraneous 
matter. At YIII the mark indicates that the observation for this depth is 
lacking. The line B on Plate 11^ represents the stratum 15 m. to bottom, 
which does not correspond exactly to any in Lake Michigan. Otherwise 
the strata are represented by similar lines on the two portions of the chart 

The results from Lake Michigan (11^) may well be considered lirst sepa- 
rately from those of Kound and Pine lakes (11°). The line (8) of 
volumes in the surface stratum (0-2 m.) pursues a somewhat irregular 
course from one side of the chart to the other. The irregularities in it are 
independent of the depth and, as comparison with Plate I^ shows, also of 
the total volume and of the relative volume of plankton. I have plotted 
on charts not given in this report the fluctuations for these hauls in 
temperature of this stratum and in time of day without finding any 
general agreement between them and the variations in the amount of 
plankton in the surface stratum. These latter may be due in part at least 
to errors in the apparatus, in the methods of obtaining, or measuring the 
plankton, or they may depend upon the combined effect of several causes. 
At present, however, the irregularities must be left unexplained. 

The lines representing the three intermediate strata occupy a mean 
position on the chart. They are subject to very considerable variations 
which bring first one and again another uppermost, but which are 
never sufficient to confuse any one of them with the lines of the surface 
stratum or of the deeper layers. On the plate the line of volumes per 
cubic meter of water in any stratum is marked by the limits of the stratum, 
eg. 2-5 m., but in the discussion each may well be designated by the 
tiumeral of the deeper limit of the stratum, thus the 5 m. line would indi- 
cate the line of plankton volumes per cubic meter of water in the stratum 
2-5., or bottom if shallower than 5 m. 

The 5 m. line shows no relation to the line of depth, nor to that of the 
surface stratum, and only an uncertain parallel to the line of total volumes 
(Plate I^), as if it in general influenced the direction of the latter. The 
10 m. line appears to have no fixed relation to the line of depth, to that 
of total volumes, or to the 5 m. line. There is, however, a striking agree- 
ment in direction with the line of the surface stratum; what may be the 
significance of this I am unable to say. At one station (IX) only is the 
10 m. line on the chart, far above the 5 m. line, at two (XXI, XX) it is 
a little higher and at all others decidedly lower, thus indicating more posi- 
tively than the average of the table (p. 50) that the 5-10 m. stratum 
contains more plankton per cubic meter of water than the 2-5 m. stratum. 
At IX the 2-5 m. stratum seems to have gained plankton at the expense of 
both the surface stratum and that of immediately below itself (5-10 m.) 
The possible significance of this will be discussed later. 

The 25 m. lines shows no particular relation to the lines of depth, of total 
volumes, or of the surface stratum. It is more nearly parallel to the 5 m. 
line than to the 10 m. line, and on the chart lies belofv the latter in one 
case only (IX) while it is above the 5 m. line in seven cases and below 
in four. The amount of plankton per cubic meter of water is, then, in the 
10-25 m. stratum clearly less than in the 5-10 m. layer and considering the 
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number of cases more nearly equal to the amount per cubic meter of water 
in the 2-5 m. stratum than the average of the table (p. 50) would indicate. 
The amount of plankton in the intermediate strata is variably more or 
less, and relatively nearly the same for the various stata, but always much 
less than in the surface stratum and equally clearly more than in the 
deeper strata. It is less than zero in one instance only, for the 2-5 m. 
stratum at XII.,* where the depth of the haul is only 4.3 m. 

The 50 m. line shows no apparent relation to any of the others; it indi- 
cates a negative amount of plankton in at least three cases IX, XIII, 
XYIII, and never more than a very small positive amount. The same is 
true in still greater degree of the 100 m., or bottom line, which lies once 
just above and once just below the zero line. The amount of plankton per 
cubic meter of water in the deeper strata is thus clearly shown to be 
exceedingly small. 

In Bound and Pine lakes (Plate 11^) the relations are substantially the 
same. The line of the surface stratum stands for a little larger amount 
and shows less extreme fluctuations. The intermediate strata contain 
much less plankton and are much more variable in quantity. The high 
average of the 2-5 m. stratum in the table (p. 51,) is seen from the chart to 
be due evidently to the enormous bend in the line at VI and VII; at all of 
the other stations the 10 m. line shows a greater amount of plankton than the 
5 m. line. There are in the shallower water of these lakes no strata cor- 
responding to the deep ones of Lake Michigan, and the 10-15 m. stratum 
corresponds only to the upper third of the corresponding (10-25 m.) 
stratum in the large lake. In comparing these results with those in Lake 
Michigan it should be remembered that the meagre depth 30 m., of the 
deepest station entitles us to consider only the right hand portion of the 
other chart (11^) up to and including XIII. The number of stations in 
Lake Michigan of equal depth is about the same as the total number in 
Bound and Pine lakes. 

In Lake St. Clair Beighard made hauls from 1.5, 3.0, 4.5 metres and 
bottom; if the second and third be added to the strata become 1.5, 4.5 and 
bottom which corresponds nearly with our strata of 2 m., 5 m., and bottom 
in the shallowest hauls. Combined in this way the hauls from Lake St. 
Clair yielded the following results where the volume of plankton under 1 
square meter of surface is given in cubic centimetres. 



Number of Station . 


II. 


III. 


v. 


VI. 


VIll. 


IX. 


XV. 


XVI. 






In fltratnni 1 .R m. tn . , , . r .. . 


10.3 



15.8 

-2.3 

4.9 


11. 1 
2.5 
8.1 


8.0 

4.8 


9.4 
3.3 


7.6 
8.0 


7.5 

6.4 

-8.0 


7.1 


" " 4.5 m. or 5 m. to 1.5 m 

" ** bottom to 4.5 m 


2.5 








Depth of bottom haul in meters 


5 


5.5 


5.8 


4.8 


4.4 


4.3 


5.2 


4.6 


By dividing in each case 


by the number representing the thickness of 



* By the nse of the method of subtraction the amount of plankton in any stratum may become appar- 
ently leas than zero where the total amount in the stratum is less than the fluctuations in the measured 
amount of the plankton in the superjacent water whether those fluctuations are due to errors in apparatus 
employed, in calculation or in measurement, to actual yariations in the amount of plankton present, or 
finally to a combination of these causes. It will then eyidently be most likely to occur where tnB depth of 
the bottom stratum is only small and where it is poorest in plankton. Instances of nesatiye pltmkton 
ooantities due to the limited thickness of the bottom stratum are probably XII, IX. XIlI, to poverty of 
toe bottom stratum XVIII, XVII, though both causes undoubtedly afiFect some of the cases to a certain 
degree. 
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the stratum, the amount per cubic meter in each stratum will be obtained. 
It is given in the next table: 



Nqmhernf Rt*tinn,.„^ .. . . 


II. 


III. 


V. 


VI. 


VIII. 


IX. 


XV. 


XVI. 


At. 






Jn ift-rntnTn l^R m^ tO 


6.9 



10.5 

-0.8 

4.9 


7.4 
0.8 
8.9 


5.8 
1.5 


6.8 
1.1 


5.1 
1.1 


5.0 

2.1 

-4.3 


4.7 

0.8 


6.4 


•' 4.5 or »m. to 1.5.... 
" " bottom to 4.5 m 


0.8 
1.5 















Compared with the averages from Lake Michigan and Bound and Pine 
lakes as given in the tables, pp. 50 and 61, it is at once evident that the sur- 
face stratum in Lake St. Clair, contains only about half as much plankton 
as that in the other lakes; there is still less in the second stratum. The 
bottom layer was present in so few cases that one can not draw any 
inferences from the exceedingly variable amounts given in the table 
above. They show, however, on the average about half as much as is found 
in the third stratum in Bound and Pine lakes. 

When these results are plotted (Plate III) it is seen that the amount 
per cubic meter in the surface stiratum undergoes a gradual increase with 
increasing depth. This, which was not true of the waters of the Charle- 
voix region, may be a characteristic of the extremely shallow water. One 
can think that the true plankton forms do not reach the conditions for 
most favorable development until further removed from the influence of 
the bottom than the meagre 2 to 3 meters of the shallow hauls in Lake Si 
Clair. This supposition is apparently strengthened by the facts shown 
in the average of the table on the preceding page and is still more clearly 
evident on the plates.* The amount of plankton in the surface stratum is 
only about half as much in Lake St. Clair as in the northern waters, but in 
the deepest water of the former lake the amount is about the same as the 
smallest quantity recorded in the Charlevoix region. I am inclined to 
believe then that the amount of plankton in the surface stratum increases 
with the depth for very shallow waters until a certain maximum is approx- 
imated, and then is independent of the depth of the water. This is, how- 
ever, hardly more than a working hypothesis at present and deserves 
further careful investigation. 

The stratum 4.5-1.5 m. shows a certain decrease with increasing depth of 
water, the reverse of conditions in the surface stratum while the few obser- 
vations on a deeper stratum, bottom to 4.5 m., agree in general tendency to 
increase with the surface stratum. The amount in the middle stratum is 
evidently far below that in the northern lakes and the variations are more 
intense since the amount of plankton present becomes nearly zero more 
than once. In this respect, the lines on Plate 11^, for Bound and Pine 
lakes agree more nearly with Lake St. Clair than do those of Lake 
Michigan. 

The peculiar tendency of proximate strata to show variations in opposite 
directions is evident in Lake St. Clair as well as in Lake Michigan, in con- 
nection with which the matter is discussed. Here it is only necessary to 
say I regard this peculiarity as evidence of vertical migration of part or 
all of this plankton under circumstances not yet known. 

One feature deserves further discussion. No doubt it has already been 
noticed that the comparison between stratal hauls in the lakes is open to 

* Plates I, II, 111, are ail drawn on exactly the same scale. 
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criticism since in Lake St. Oiair the limits are not the same as in the north- 
em lakes studied. It is true that as yet no definite information is at hand 
as to the exact position in a stratum which the mass of the plankton holds 
and if in Lake St, Olair a considerable part of the plankton from the 
stratum 1.5-4.5 m. were to have been found in the upper half meter of that 
stratum the total for the surface two meters would more nearly or quite 
equal that in the same limits in Lake Michigan. In the work on Lake St. 
Olain the stratal hauls employed were 1.5-0, 3.0-0, 4.5-0, and bottom -0. 
Now it is a curious fact, and perhaps not without bearing in the present 
discussion, that the method of subtraction gives for the four strata an aver- 
age amount of plankton per cubic meter of water of 6.4, 1.6,-0.1, and 1.5 cc. 
That is of the two layers, each one and one-half meters thick, which con- 
stitute the stratum 45-1.5 m., most nearly corresponding to that of 5-2 m. 
used in the Charlevoix work, ths deeper one contains on the average a 
little less than nothing. This shows distinctly that the bulk of the plank- 
ton in Lake St. Clair, between the limits of 4.5 and 1.5 meters is accumu- 
lated in the upper half of the stratum; how much more narrowly it is 
limited cannot be told. Hence it may still be true that the upper two 
meters contains an amount equal to the surface stratum in Lake Michigan. 
If this is so, however, it is all the more true that the deeper water contains 
a minimal amount of plankton, far below that which is found in the 
waters of the Charlevoix region. 

One interesting general relation deserves special notice here though it 
has already been hinted at in the preceding. There seems to me to be evi- ^ 
dence of opposite variation in adjacent strata and of parallel variation in 
strata once removed from each other, i. e., decrease in the surface stratum 
seems to be accompanied in a majority of instances by increase in the 
2-5m. stratum and decrease in the 5-lOm. stratum; and at least one of 
these two fluctuations appears to be generally characteristic of changes in 
any line. I am inclined to think this is evidence of vertical migration, 
under circumstances not yet apparent, of some elements of the plankton 
which, being normally near the artificial line of separation of two strata 
such as we used, would cause contrary variations in the two strata by 
passing from the one into the other. Beighard (93, p. 35) gives similar evi- 
dence of vertical migration by the contrary variation of proximate strata 
in Lake Si Clair. The solution of such questions depends, however, upon 
the location and movement of the species which constitute the plankton. 

In the work of Apstein on the Lakes of Holstein, the artificial strata 
employed were to 2 meters, 2 to 10 meters and 10 meters to bottom. 
To compare the results of this work on Lake Michigan with his the amounts 
for the various strata must be added so as to give layers corresponding 
here to those he employed. If the table on p. 50 be treated so as to 
combine the strata in this way, the following table is made, showing 
in cc, the volume of plankton under 1 sq. m. of surface for each stratum 
at each station: ^ • 



Number of Station 


IX. 


X. 


XI. 


XIII. 


XV. 


XVI. 


XVII. 


XVIII. 


XIX. 


XX. 


XXI. 


XXTT. 


2 m.— 6iirfaoe 

10 m.— 2 m 

Bottom— 10 m 


19.4 
35.8 
61.3 


18.5 
29.8 
59.1 


22.1 

44.5 

103.8 


28.4 
51.2 
68.5 


25.3 
28.1 


27.2 
53.8 
45.4 


28.4 
65.3 
71.7 


26.3 
23.0 
40.4 


25.7 

33.1 

♦16.5 


18.5 
31.1 
60.5 


28.2 
27.1 
38.4 


17.7 
81.6 
51.9 



* Estimated. 
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Or redoced ae before to common terme for comparieon. 



Homber of Statioas.... 


IX. 


X, 


XL 


xm. 


XV. 


XVI. 


KVU. 


XVIII. 


^- 


XX. 


^ 


XXIL 


At, 


Amount of plankton 
mrOD. m. ofwBMrln 

In 10 m,— bofm MratDrn 


Li 


lA 


!l 




lj.7 


ii 


0.i 


lis 


ia.8 
■i!s 


H 


a.2 


8.9 
l.fi 


"ii 



If now the amoant of plankton in the bottom atratam of each station in 
the above table be taken as a unit for that station and the upper strata 
expressed in terma of it, the resnlte will show the relative diBtrinntion of 
plankton. This has been done in the next table. 



^lomber of station- 


IX. 


X. 


XI. 


siii.lxvi. 


xvn. Ixvni. 


XDC. 


XX. 


XXI. 


XXIL 


iS1Z^S^.:::v.. 


t.2 

1 


1 


v« 


1.4 1 i.O 

1 1 




8.e 

!.8 


2.V 

1 


1.1 





Apstein has made similar compariaone for one of the largest of German 
lakes, iDobersdorfersee near Kiel, and gives the following table of relatione 
for that body of water, which has however only the limited depth of 20 m. 
at most 



D«to_. 


TH. 


711. 
u 


vm. 

t 


VIII. 

so 


IX. 

ao 


X. 


X. 
11 


XL 
U 


III. 
2J 


13 


11 




U 


27 


IS 


00 


32 


33 


» 


n 


" 


13 








BtratcmOto.m 


1.7 

} 


i 


4.i 

0.B 


l' 


T.R 

1 


1 


1.B 
l' 


1.2 

i 


1 


2.B 

r 


2.S 







The date of oar work was Augost, bo that compariBonB shonld be made 
properly only with the first three hanls of this table; they are, however, 
all mnch alike, and show greater aniformity then those from Lake Michi- 
gan given in the preceding table. This is no doubt due to the difference 
in depth, for the two deep stations in Lake Michigan, XI with 112 m., and 
XYII with 130in.,are just the ones in which the surface stratum is extremely 
large in proportion to the de^ stratum. The other BtatiouB, especially the 
shallower ones, IX, XIII, XVl, XXI, show a proportionate diBtribution of 
plankton approximately like that fonnd by Apstein. This is the more unex- 
pected and interesting when the amount of plankton in the two lakes is 
considered, for Dobersdorfer See is rich in plankton, whereas Lake Michi- 

San belongs to those lakes denominated plankton poor. Hauls of equal 
epth show the latter very clearly. 
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Lake Michigan. 


Dobersdorf er Bee. 


Namlwr of hani „..,.. .. . , . 


XII. 


XIV. 


XV. 


XXI. 


25 


27 


26 


27 






Depth of haul in meters 


4.8 


8 


10 


22 


5 


7 


18 


19 


Total amonnt of plankton in co. ( 
nnder 1 sq. m. of sorfaoe ( 


27 
24 








879 
530 


'""227 


909 
909 


530 


65 


58 


89 


720 



In hauls from equal depths there is about ten times as much plankton 
under 1 sq. m. of surface in Dobersdorf er See as is found in Lake Michi- 
gan. Yet not only is the amount in the surface stratum of both greater 
than the amount in any other equal portion of the water, but it is also true 
that the two lakes show a greater similarity in percentage of vertical dis- 
tribution of the plankton. This may be formulated as follows: 

Partial vertical hauls from equal depths yield equal volumes ia the 
same lake, and equal percentages in different lakes,^ 

If we consider the relations shown by the lines on Plate 11^ , a more 
natural combination of the strata used in the work on Lake Michigan than 
that used by Apstein for those of Dobersdorf er See, would be, (1) the 
surface stratum alone, richest in plankton; (2) the three intermediate 
strata, nearly equal to one another in amount of plankton present in each; 
(3) the deep strata uniformly poor in plankton. 

For comparison the results are brought together into another table which 
gives the amount of plankton in cubic centimeters under one square meter 
of surface for the three sets of strata: 



Nomber of station 

2 m. to enrfaoe .... 

25 m. to2 m 

Bottom to25m..._ 



IX. 


X. 


XI. 


XIII. 


XVI. 


xvri. 


XVIII. 


XIX. 


XX. 


XXT. 


19.4 
97.9 
-1.8 


18.5 

78.4 
10.0 


22.1 
93.4 


28.4 
140.8 
-26.1 


27.2 
99.2 


23.4 

185.9 

1.1 


26.3 
68.9 
-0.5 


25.7 
92.8 
? 


18.5 
64.4 
27.2 


28.2 
65.5 



xxu. 



17.7 
58.0 
25.5 



By dividing the total amount in each stratum by the thickness of the 

* Binee writing the aboye I have seen a paper by Walter f95). He speaks of qoantitatiye plankton 
measorements as " an inyaloable aid -in the iavestigations" of the shallow breeding ponds on which he 
worked, andprefers measnrementa to weighing for their convenience and aoonraoy. The paper is almost 
exclosiyely devoted to methods, bat one general principle of plankton distribatlon, cited without the 
data on which it is founded, deseryes mention here. He says: *' la a cubic meter of water taken from a 
shallow area the amonnt of plankton is greater than in a cubic meter from a deeper place." and further 
" I do not know to what extent this is true of deeper bodies of water." As will be seen, this is a some- 
what general statement of the relations between the deoth and the amount of plantcton which are dis- 
euased more precisely in the preceding pages. Independent a ad concurreat observations on the value of 
plankton measurements and on the variation in amount with depth in bodies of water affording such 
shirp^ contrasted conditions as the shallow carp ponds and the Great Lakes are certainly powerful argu- 
mmits for tihe accuracy of plankton studies and also in support of the general principles elucidated in this 
particular ease. # 

The importance of depth as a factor in determining the amonnt of plankton is further evident from the 
obeervaticms of Zachar&s (95). He states (p. 119) that there is an evident dependence of the amonnt of 
plankton on the depth of the water, but what may be the interrelation is not stated more exactly in tiiat 
place. An examination of his records of hauls shows that it must be in general the same as that 
we found in Lake Michigan and elsewhere. It should be notel that on^ series of hauls made within a 
comparatively limited time can be compared for this purpose, since the well-known seasonid variations 
in the plankton certainly affect markedly the volumes of hauls made at considerable time intervals from 
each other. 

8 
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stratam for each Btation, the table shows the amount of plankton in onlnc 
centimeteTS per cable meter of water at each station: 



NnmbBTof 8tatiiHi..„ 


IK. 


X. 


XI. 


XIII. 


XVI. 


XTU. 


XVJII. 


xu. 


XX. 


XXI. 


xxu. 


«, 


luatn^ComOtoam. .. 


8.1 


0.4 


HA 

0.8 


-5.! 


I3.d 

4,3 


11.7 



ll.t 

0. 


1!.B 


0.i 
1.7 


11.B 


IS 








TUoknesa in metani ol 
daepeat Btestam 


1 


W 


SI 


II 




lOS 


" 


" 


Ifl 





n 





If for each station of this table the amount of plankton in the interme- 
diate stratum be taken as a nnit, and the amonnts in the snrEace and deep 
strata be expressed in terms of this unit, the result is as follows: 



Number ot BtatioQ 


IX. 


X. 


KI, 


xm. 


XVI. 


XVII. 


XVUI. 


XIX 


XX, 


XXI. XXII. 


A.. 


Bntfaoe stratam,.- 


2.i 
-J.S 


2.1 


a.7 


-0.8 


f 


2.0 


4.7 


1.2 


3.3 


4.1 3.6 


3.1 







This table demonstrates once more and clearly that (1) the surface two 
meters contain much more plankton per cubic meter of water than any 
stratum below it, and (2) the deep stratum is practically devoid of plank- 
ton in comparison with the upper portions of the water. 

This relative superiority of the surface stratum in plankton contents was 
first demonstrated in European lakes by Apstein. As already noted these 
lakes are of limited area and depth, and moderate inflow and outflow. 
Beighard found the same plankton distribution in Lake St. Glair which is 
greater in area, less in depth and extremely unstable in volume owing to 
the enormous inflow and outflow. The observations recorded here serve to 
show similar conditions in the Charlevoix r^oa of Lake Michigan, which, 
even in the limited region examined, is much larger in area, many times 
greater in depth and extremely stable in volume owing to the small inflow 
and outflow. At the same time we found like conditions in Kound and 
Pine lakes, one very small and changeable, the other large and compara- 
tively stable. In the light of these observations on wid^y separate and 
extremely dissimilar bodies of fresh water, it may fairly be assumed to be 
a general truth that the surface stratum contaiiiB more plankton than any 
other equal portion of the water. In Lake Michigan, as also in Bound 
and Pine lakes it was eonally true that the amount of plankton in the sur- 
face stratum is independent of the depth. 

The question naturally suggests itself* as to the distribution of the 
plankton within this stratum. The surface towings in Bound and Pine 
lakes and Lake Michigan were ordinarily made at abont 8 a. m., and the 
blanks on which were recorded the daily catches show unmistakably that 
the plankton at the immediate surface contained algie and rotifers, but 
only very rarely crustaceans and then but few of them. The amount of 
these tows was never taken carefully and measured but they showed them- 
selves at a glance to be meagre in comparison with towings from deeper 
levels. In order to test the matter more carefully I had a net of peculiar 
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pattern constructed. From its general appearance it received at the hands 
of the party the name of " torpedo " net. A cylinder of wire p:aaze was 
reenforced by bands of brass at both ends and by three longitudinal brass 
wires of one-eighth inch in diameter, soldered to the gauze and streugthened 
by external hooks of wire. The f rout end was provided with a tight fitting, 
solid funnel which had external eyelets so that it could be firmly fastened 
to the ends of the longitudinal rods on the outside of the cylinder. Three 
of these funnels were used, having openings of 5, 0.75, and one inch in 
diameter. The other end of the cylinder was also closed by a funnel but 
of gauze with an oil can top at the end. The inside of the cylinder and 
of the lower funnel was lined by a net of fine India linen. From the cord 
which towed the net a lead weight was suspended about a foot in front of the 
mouth of the front funnel. Thus equipped it could be drawn behind our 
fishing tug at full speed and yet remain well below the surface of the 
water. The amount of water which could enter was regulated by the 
opening of the funnel and was small enough to allow of its filtering 
through the large lateral area of the net so as to leave the plankton in good 
condition. The material washed back along the sides of the net and col- 
lected in the rear funnel from which it was taken when the net was hauled 
in. We dragged this net for several days during our trips on Lake Michi- 
gan and for hours at a time. Yet the amount of plankton obtained was 
exceedingly small. No reason can be given why the water should not 
have passed through the net in large quantities during these long trips 
and so far as we could see it did. There was no means at hand of meas- 
uring the amount filtered and of recording the permanency of the stream 
entering the funnel; this is of course the vulnerable point of the evidence. 
Apparently, however, the apparatus worked well and continuously, and 
unless some reason can be found why the plankton could not enter the 
net, we are forced to grant that at that time of day the amount of plankton 
in the upper foot of water is practically wt7,* These experiments 
were made during the day. Unfortunately there was no opportunity 
to repeat them after nightfall. Surface towings were, however, 
made in Bound and Pine lakes {torn, a row boat after dark. With 
the same net, in the same way and at the same place, where in 
daylight a scanty collection of rotifers and algsB was made, the dark- 
ness yielded a rich haul including multitudes of Crustacea. It was only 
the upper six to twelve inches of the water which was filtered in both 
cases. This evidence, scanty and incomplete as it certainly is, still points, 
to my mind unmistakably, to the existence of diurnal migrations on the 
part of the crustaceans at least. This well known occurrence in salt water 
has been found by Franc6 (94) to take place in the case of fresh water 
forms in Lake Balaton, Hungary; Marsh (94) has also observed it in 
Green Lake, Wis. In a recent publication Birge (95) denies the existence 
in Lake Mendota, Wis., of such migrations at least beyond the limits of 
three meters. I have already called attention to the fact (p. 55), that 
vertical migrations, carrying large numbers of a species over the limits of 
the artificial strata used in the Take work, would cause the compensatory 
fluctuations in adjacent strata as shown on the plates. It is true that if 
the hauls made in the Charlevoix region are plotted with reference to the 
time of day there does not seem to be any correlation between the time of 

* While very kindly reading the proof, Prof. Beighard called my attention to the fact that he reached 
a dmilar ooncloeion in a paper read before the American Fisheries Society (see Beport for 1882). Neither 
the paper nor the Tolnme are accessible to me at date of writing. 
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the hauls and the variations in amount. Of course it should be noted that 
the hauls we made were never very late in the day and the supposed 
vertical migrations' may have been due to entirely different causes if, 
indeed, they actually occurred. 

I have already called attention to the compensatory fluctuations in the 
plankton of adjacent strata from Lake St. Olair; these are very striking if 
one examines the results given by Beighard for the strata of only 1.5 m. in 
thickness and are more than half of them eliminated by combining the 
two strata 1.5-3 m, and 3-4.5 m. Mention has also been made above of the 
comparative barrenness of the lower half of the stratum 1,5-4.5 m. 

All of the peculiarities noted in this connection point in one direction 
and justify the conclusion that the distribution of the plankton unthin the 
limits of an artificial stratum is very unequal; the variations in its distri- 
bution are probably due to vertical migration. 

One further question in vertical distribution demands brief considera- 
tion. We have seen that the amount of plankton per cubic meter of water 
varies inversely as the depth from which the water is obtained. Does the 
volume decrease constantly from sarface to the bottom or is there near 
the latter an increase, an accumulation of forms more or less depend- 
ent upon the bottom? No exact observations were made to determine this 
point, but some data bearing upon the question were recorded. In the 
qualtiative studies made during the first two weeks on Bound and Pine 
lakes, and Lake Michigan it wad customary to have a tow taken by an 
ordinary surface net and and also one taken by a runner net drawn along 
the bottom. This was let down open through the water and drawn up 
open also, so that its contents were in no sense strictly bottom forms, nor 
was there any means of using them in quantitative determinations. It was 
customary to draw both this bottom net and the surface net about an 
equal length of time. Now while we noticed from the first that the surface 
net, as already mentioned, obtained but a small amount of material, chiefly 
Botifera and Protozoa, it was also remarked that the bottom net brought 
up a host of specimens, and that these were almost entirely Crustacea. 
The mass of material was composed, as examination showed, of only a few 
species, but these few were present in such enormous numbers of individ- 
uals as to make the catch a veritable " soup." In my daily note book this 
richness of the bottom tow was commented on for days until we recognized 
it as a constant occurrence and among the notes I flnd the statement that 
the tow appeared as rich in quantity as any evening surface tow on the 
ocean. I was in fact thoroughly astonished to flnd such masses in fresh 
water catches. There was practically an entire lack of the numerous insect 
larv89 which make the volume of some fresh water hauls so great; the tow 
consisted of almost nothing but myriads of Copepoda. Now these were 
either migrants from the superjacent water or permanent residents of a 
zone near the bottom. The vertical hauls gave no evidence of the exist- 
ence of this mass of Crustacea near the bottom, although the hauls were 
made at the same place and at corresponding times of day. I wish to 
point out here some faults in this negative ar^ment and to emphasize the 
fatal error in placing entire dependence upon hauls of a vertical net. In 
the first place the impervious canvass cone brings the actual opening of 
the net about 40 cm. above the bottom when the net is actually resting 
upon a flat surface; stones and other objects as well as inequalities in the 
surface may increase this distance considerably. Again, the net is lowered 
to the bottom, rests there a second and is then hauled steadilv to the sur- 
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face. The bucket hanging below makes some disturbance in the water 
before the cone reaches the bottom, and the strong swimming forms, such 
as Limnocalanus, and other Copepoda, would have abundant opportunity 
to escape from the dangerous ground above the cone, the place of greatest 
disturbance and hence the point from which the fugitives turn. Both of 
these reasons would naturally tend to lessen the number of bottom forms 
taken iu vertical hauls. The runner net also gave evidence of a consider- 
able number of Mysis near the bottom, but as might be expected they 
were taken only rarely and by twos or threes in the vertical net. 

This is the vertical distribution characteristic of the warmer season of the 
year when, not only in respect to light but also in regard to temperature, 
the surface stratum is much the most favorable portion of the water for 
growth. In regard to only one of these factors do the conditions remain the 
same throughout the year, the light supply is uniformly greater at the surface 
in all seasons, but during the fall it is known that the temperature of the 
water becomes more and more uniform throughout and finally in the winter 
the deeper strata are actually warmer. I know of only one observation as 
to the effect of this change in temperature on the relative populousness of 
the various strata. Birge (95, p. 480), records that during the fall the dis- 
tribution becomes more and more uniform throughout the water and that 
the surface stratum does not show any superiority in the amount of plank- 
ton present in it. If this be confirmed for other bodies of water it will be 
evidence that the factor of temperature has more effect on the distribution 
of the plankton than the light. ' 

No opportunity has yet been found for qualitative work on the hauls of 
the vertical net. The counting of such a mass of material would involve 
more time than it has been possible for me to devote personally to that 
purpose and no other opportunity has yet offered itself. I am personally 
skeptical of the value of enumeration under ordinary circumstances and 
most of all of such efforts as are not extended throughout the year to afford 
a basis for estimating the rise and decline of various species. 

It is evident of course that not all the plankton is equally valuable as 
fish food and not all of it seems directly or indirectly to form marketable 
fish. As has already been mentioned the Crustacea form the most import- 
ant element from the standpoint of the fish culturist. While I with the 
assistance of one or more members of the party, was taking hauls with a 
vertical net at one side of the boat, Professors Birge and Marsh with some 
assistance were securing stratal hauls of Crustacea alone at the other side 
of the tug. Each of these gentlemen, who contributed so much to the 
results of the work in other directions also, brought with him a specially 
constructed closable net of his own designing so constructed that it could 
be lowered, closed, opened, raised a given distance, closed again and 
brought to the surface. One of the nets has already been described (Birge 
95, p. 423) and the other will be shortly. At times both of the nets 
were used together and agaiin a series of hauls was made with ooe only. 
The coarser cloth used in the net, the smaller amount of material obtained 
and the greater rapidity with which a pure crustacean haul filters, made 
it possible for them to secure a series of hauls from 2 and 5 meters and 
then every ten meters to the bottom even in the deepest places, in the 
same time that was consumed in making with the vertical net the series of 
hauls already described. These hauls are to be counted in the simplified 
method described by Birge (95 ), and will make an exceedingly valuable 
contribution to the vertical distribution of this most important element of 
fish food contained in the plankton. 
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SWARMS IN THE PLANKTON. 

In the preceding pages an effort has been made to show uniformity of 
horizontal distribution of the plankton as a whole and the absence of such 
accumulations as might be termed "swarms." From the evidence obtained 
here and elsewhere I am led to believe that swarms of the entire plankton 
do not exist and furthermore I can see no variations of biological condi- 
tions which should accumulate all the life in the water within certain 
areas, large or small, and leave other areas more or less devoid of life. 
Even on the land where conditions are so much more variable that 
environment in the water is relatively stable, no such local accumu- 
lations are found. It is true that areas of considerable extent are 
more densely populated 'than other parts of the land, and the jun- 
gles of the tropics, for instance, are sometimes said to "swarm" 
with life. In the same way Agassiz (88) speaks of that portion of the conti- 
nental slope and of the opposite island slope which is washed by the Gulf 
Stream as crowded with life. In these and similar instances there is a 
comparison of considerable areas with distant portions equally large. 
This is not in the least parallel with what some have believed to be plank- 
ton swarms. Investigators have declared that within the narrow limits of 
small bodies of water and frequently at points proximate to each other the 
total amount of plankton varies so greatly as to warrant the assumption of 
contiguous populous and barren areas in the water, that is the existence of 
swarms of the entire plankton. Now the work of Beighard in Lake St. Clair 
and Apstein and Zacharias in Holstein lakes and the results of this work on 
Lake Michigan have shown clearly, in my opinion, that this is not the 
case. . In the preceding pages is given evidence that the total amount of 
plankton does vary, but that it varies in accord with the depth and that 
beyond this there are no variations considerable enough to warrant the 
assumption of the existence of swarms of the plankton as a whole. It 
would not be strange if the exact amount of plankton varied, perhaps con- 
siderably, at the two ends of Lake Michigan and certainly some shallow 
plant-filled lakes in the vicinity df Charlevoix and in free communication 
with the main lake by small yet perfectly open channels do contain a much 
larger amount of plankton than Lake Michigan itself, yet the first possible 
variation is as little evidence of swarms as the latter. 

How do the separate species conduct themselves in this respect? Are 
they also nearly equally distributed, or is there reason to think that they 
may occur in swarms? The inequality in seasonal distribution of various 
species is well known. Thanks to the work of Zacharias a considerable 
number of species have been watched from day to day and it seems clear 
that most forms pass through one or more cycles of variation in each year. 
Such a cycle includes a period of adPsrance, of increase in numbers, a maxi- 
mum, a time of decline and decrease in numbers, and finally a minimum, 
or often a period of total disappearance from the plankton. These cycles 
are coincident with seasons or changes in temperature. Birge (95) has 
recorded similar variations for species in Lake Mendota. Such variations 
as these are characteristic of entire bodies of water, or at least very large 
areas in a body of water. The species appears everywhere almost at once 
and its disappearance is similarly general. It is not evidence of swarms to 
record, as Zacharias does (95, p. 120 Jf.), that a certain species was abun- 
dant ik one place and wanting on tie other side of a long island which 
flJmost completely divided the lake into a northern and a southern half. It 
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must first be shown that the conditions which determine the development 
of the species, temperature, food, etc., are alike in both places, and no 
evidence on these weighty questions was sought or furnished. But even 
then it is as little evidence on species swarms as the fact that a certain fish 
may be caught in plenty here and is lacking there is proof of that that par- 
ticular fish goes in schools! 

The word "swarm" seems to need a more precise definition in the light 
of conditions known and easily observed. To my mind it is some such 
massing of individuals as is seen in a school of fish, a flock of birds, a herd 
of wild cattle. The idea is certainly not precise in quantity since any one 
of these aggregations may consist of only a few individuals or of many hun- 
dreds. They are, however, definite bands collected for breeding or feed- 
ing purposes, or for protection, or having been produced by excessive mul- 
tiplication, they still remained in a localized mass. If this be a correct 
interpretation of conditions, then neither those accumulations of plankton 
or single species made at certain points by the chance of wind or current, 
nor yet these normal variations in the number of any species within 
a given area due to the more favorable environment, can be properly spoken 
of as awarma. 

Becurring to conditions on the land we see that swarms of the entire 
plankton are not to be expected and in fact the possibility of such may 
well be doubted. In making only quantitative determinations of the 
plankton species swarms, if existing, are apt to escape notice or even to be 
masked by the normal variations in the total amount, by errors in method, 
apparatus, or manipulation and by the alternation of swarms of different 
species. Furthermore it is certain that if such swarms do exist there is a 
constant tendency to destroy them in the action of winds, waves and 
currents. 

A species swarm will affect the total volume of plankton very little, i.e., 
not noticeably in contrast with other variations, if the species is ordinarily 
very common, if it is of small size or if it is one of many species 
{polytonio plankton). On the other hand the total volume of the plankton 
will be considerably affected if the species swarming is of large size, com- 
monly rare, or if the plankton is monotonic (composed of but few species). 
Of course all grades between these two extremes are possible and a 
considerable factor will be the size of the swarm i. e., the number of 
individuals of which it is composed. 

The evidence heretofore collected as to the existence of species swarms 
seems to me insufficient. So for instance the enumeration of a certain 
species taken in a haul from a depth of 40 m. shows at one time 400 indi- 
viduals, at a second haul 1,100, a considerable increase to be sure, but not 
such evidence as to establish the occurrence of swarms. If it be true that 
the species is equally distributed over the entire depth, and the contrary 
is not even suggested in the context, then every cubic meter held at the 
time of the first haul 10 individuals, at the second 28. One section of land 
holds now 10 cattle, later 28; where is the evidence of herds? It is evident 
that actual proof of the occurrence of swarms demands more exact and 
detailed evidence than has yet been furnished. We collected no positive 
evidence upon this point, but one circumstance tends to my mind to 
establish the probability of the occurrence of swarms under some circum- 
stances. During one of our trips on Lake Michigan the runner net was 
drawn over a certain area of ground off Fisherman's Island several times. 
Each haul brought up a good catch of Crustacea, but in one there was such 
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a mass of Limnocalamua that they formed a solid mass of several ccm. 
The number was fifty or o&e hundred times greater than that obtained in 
the other hauls. That this was the result of including some local aggre- 
gation of the species, i. e., some swarm, is the most evident, if not the only 
explanation of the case. On another day Mr. Jennings reported a mass of 
Aaplanchna atthe surface just off the lighthouse pier so great that thousands 
could be taken at every haul of a net thrown from the pier. A few hours 
later not one was there. This may have been, however, a wind collection 
or even a current collection. Of course the surface is peculiarly liable to 
such aggregations by the effect of wind or current and the deeper water 
more independent of such influences. 



PINE LAKE. 

The town of Charlevoix is built on a narrow neck of land which sepa- 
rates Lake Michigan from Pine Lake (see map). The circular basin of 
Round Lake, which affords a fine harbor for the shipping and fishing indus- 
tries of the place, lies nearly half way between the lakes first named, and 
is in free ana open commnnication with both by channels of considerable 
size. The laboratory was located on the shore of Bound Lake near the 
building in use by the Michigan Fish Commission as a hatchery, and the 
situation naturally caused us, in making the preliminary studies, to turn 
our attention first to Round Lake and then to Pine Lake and Lake Michi- 
gan. In the course of these studies some features of interest were mani- 
fested by the comparison of the three bodies of water, and these were 
supplemented by some special observations on the part of the botanist of 
the party, Mr. Thompson. From their importance in connection with the 
general question of fish culture, certain of the biological characteristics 
deserve brief consideration here. 

Bound Lake, a scant half mile in diameter, is little more than an enlarge- 
ment in the course of the stream by which Pine Lake empties into Lake 
Michigan The connection between these lakes has been modified for 
commercial use by dredging, so that now a five meter channel, protected 
externally by piers and a lighthouse (see map), connects Bound Lake with 
Lake Michigan. Between Pine Lake and Bound Lake the old stream, which 
has been entirely replaced by a straight dredged connection, lies at one 
side, a shallow tortuous brook, known as the " Old Channel." The broad, 
deep and straight artificial channel renders communication between the 
lakes very free apd a current runs indifferently in either direction, depending 
upon the direction of the wind, and no doubt also on the level of Lake 
Michigan and Pine Lake. This results, of course, in more or less of a 
mixture of the forms of life, especially of those plankton species which 
occur in the two. 

Bound Lake is simply intermediate ground, and in the character of its 
plankton resembles now the one, now the other of the larger lak^s so that 
it possesses no characteristic features in distinction from them. With the 
docks which line a large part of its shore and the continuous disturbance 
and pollution of its waters, there is little opportunity for the development 
of aquatic plant life; yet those portions of the lake which offer any possible 
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foothold are fairly well supplied with water plants, noticeably the shallow 
banks and the quiet waters of the old channel. 

Pine Lake is a body of water in which, as in Lake Michigan, conditions 
are very stable. The area which drains into it is evidently limited, as a 
glance at the map will show, and the size of the lake itself is such that the 
inflow and outflow form but a small percentage of the total volume. There 
is a current running into the lake at the outlet quite as frequently and 
quite as powerfully as there is in the opposite direction. The shore is, in 
large part, sand and gravel for a short distance from the marjgin, but nearly 
the whole bottom of the lake is composed of marl, in which one flnds a 
host of shells in ^ood preservation. From washings of the marl, Mr. 
Walker identified the following forms: 



Limncea desidiosa Say. 

catascopium Say. 
sp. 
Physa Integra Hald. (young), 
Planqrbis bicarinaiua Say. 

partrns Say. 
Vdlvata tricarinata Say. 

sincera Say. 
Amnicola porata Say. 

Juatrica Pils. 



Ooniobasia liveacena Mke. 
Sphcerium atriatinum Lam. 

simile Say, 
Pisidium abditum Hald. 

sp. 
Unio luteoltis Lam. (dead). 

sp. (dead). 
Anodonta (young) (dead). 

FooUana ( ?) Lea. 



He adds concerning these shells: **A very few of the Amnicola dimdi 
Va\vata were alive. Everything else was dead and most of it had the 
chalky appearance of fossil specimens from the marl." 

On the marl one finds no living thing save here and there scanty tufts of 
dwarfed CAara, which was never found in fruit; it was uniformly encrusted 
by a heavy calcareous coating. 

The absence of plants along the shore in the shallow water and on the 
sandy or gravelly bottom is also noteworthv. Isolated patches do occur 
but they are thrifty and abundant only in a few places, the most prominent 
of which are on the south arm of the lake. It will be noticed that the 
axis of the main lake lies directly in the path of the northwest winds and it 
has occurred to me that this may be the cause of the absence of shore 
vegetation, since the wash along the shore of a lake as large and deep as 
this would be too powerful to' allow the growth of plants even where the 
bottom was of a suitable character. In the smaller and more protected 
south arm there is a much larger amount of vegetation. We were unable 
to make any exact observations in that part of the lake. 

Pine Lake has undoubtedly undergone some considerable modifications 
within recent geological times. The old outlet to the northward is easily 
traced through a line of tamarack swamp to Susan Lake; thence to Lake 
Michigan it follows a small stream which is at present the outlet of Susan 
Lake. The marl bottom which underlies a very considerable part of Pine 
Lake can by borings be found not far below the surface at various points 
around the lake. The gravel and glacial drift are evidently at present 
being washed out into the lake over the marl and the thickness of the 
layer decreases gradually as one recedes from the shore. Mollusca are not 
very abundant and while the species recorded by Mr. Walker are recent 
and most of them at least found in this locality at present, the existing 
conditions are Id adequate to account for such a bed of marl and I am 
inclined to believe it the bed of an older lake now gradually disappearing. 
9 
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The importance of these considerations is evident when we come to exam- 
ine the faana and flora of the lake. 

I have already mentioned the striking lack of vegetation, both littoral and 
bottom. Mr. Thompson, who spent some time in a careful examination of 
the shore says in this connection, ''The entire absence of Myriophyllum^ 
Utricularia and the aquatic species of Banunculus is perhaps significant 
The scarcity of plants is apparently due to the marl bottom as all the fairly 
thrifty plants which do occur are found growing on bottom more or less 
modified by deposits of sand or alluvial sediment." Similar mention of 
the limited amount of life discovered in Pine Lake may be found in the 
reports on the Protozoa (p. 81), Eotifera (p. 88), and Mollusca (p. 98), 
published in appendices to this paper. Of the insect fauna Dr. Wolcott 
writes: 

''.This poverty of the Pine Lake fauna was in marked contrast to the rich- 
ness of that of the neighboring small inland lakes, in which was to be seen 
both in respect to number and identity of species and abundance of indi- 
viduals, a marked similarity to that of Lake St. Olair, indicating the effect 
of the like conditions, while at the same time it emphasized the contrast 
between both and Pine Lake." 

The plankton studies on Pine Lake discussed on a previous I>age and 
plotted on Charts I ° and 11^, show that the surface stratum contains if 
anything somewhat more plankton than the same portion of Lake Michi- . 
gan but the deeper strata very much less, so that in shallow water (VIII) 
the total amount of plankton is approximately the same as in Lake Michi- 
gan while in the deeper water (XXVI to VII) the total amount is far below 
that in the main lake. 

After this resume of other groups it will not be strange that fish are 
scarce in the waters of Pine lake. Neither those of Lake Michigan nor 
the species which inhabit the surrounding inland lakes would find any 
considerable supply of nourishment and in fact a few game fish, in the 
south arm chiefly, and a few whitefish in the eastern ead of the main 
lake, are all that are reported for this body of water. The absence of a 
bottom fiora and fauna, the scarcity of plankton and the paucity of littoral 
vegetation with the accompanying forms of life, particularly insect larvse, 
are the factors which limit the introduction of various kinds of fish. 

I have discussed the conditions here in full since it seems to me a pow- 
erful argument for the necessity of employing the experimental method. 
Such a magnificent lake with miles of shore and acres of beautiful clear 
water affords possibilities for existence to a multitude of fish. The reasons 
for their non-existence are apparently clear, and if so the problem is half 
solved. In some way more vegetation must be made to grow in the lake, 
perhaps different species of plants introduced. If forms can be found 
which are capable of growth and increase on a marl bottom, the fish pro- 
ducing power of the lake will be multiplied enormously and in the place 
of a scanty population the waters will support large numbers of valuable 
food fish. I have endeavored to ascertain the species of water plants 
which thrive upon marl bottomed lakes elsewhere, but the question proved 
to be beyond the facilities at my command. This offers under favorable 
circumstances a rich field for experimentation. 

CONCLUSIONS. 

. In addition to the more special conclusions stated in connection with 
TBnouB topics there are some general conclusions, especially with reference 
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to the plankton and its bearing on fish culture, which are summarized as 
follows: 

I. The plankton is the source of food supply for all lake fish; its rapid 
reproduction affords a constant eupply in spite of continued destruction. 

II. The amount of plankton in Lake Michigan in the region examined 
is limited. The enormous area compensates for this limited amount. 

III. The plankton is uniformly distributed horizontally. At this season 
of the year it is accumulated near the surface, and very little is contained in 
water below a depth of 26 meters, except that a second accumulation near 
the bottom is probably usual. At this season, then, no fish will be found 
regularly or in numbers in the nearly barren intermediate water below 
25 m., except it be in the water near the bottom. 

IV. The uniform horizontal distribution of the plankton indicates that 
the plankton-eating fish find food in limited quantities everywhere. 

y. The bottom flora and fauna are not extensive enough to support 
lar^e numbers of bottom feeding fish within circumscribed areas. The 
well known migrations of whitefish schools along shore seem thus to be 
correlated with the non-localized food supply. 

VI. There is a plentiful supply of whitefish food on the old fishing 
grounds. No reason can be assigned for the diminution in the supply of 
whitefish save overcatching. 

In conclusion I should like to emphasize one point which seems to grow 
clearer as the work proceeds; if the experience of two years has shown 
anything, it has demonstrated that the possibilities in this line of investi- 
gation can hardly be limited, but that future developments which are so 
essential to the fisherman and the fish culturist alike, are distinctly 
dependent upon the facilities for carrying on the investigation under 
permanent conditions. 

It may be hoped that something has been accomplished during the two 
years of this work inaugurated under the auspices of the Michigan Fish 
Commission and carried on by voluntary and hearty cooperation on the 
part of various scientific workers. Yet it is evident that progress along 
this line will be necessarily slow and that at times, as in the present 
instance, other peremptory duties will encroach upon the time of the 
workers and delay the publication of the reports. Furthermore, no one 
can appreciate so well as one who has tried it, how enormous is the mass 
of work connected with an enterprise inaugurated in a new field of work, 
and compelled to originate at once methods and appliances with repeated 
delay and even failure. 

It is equally true that the possibilities of future development will be 
clearest to those who have taken a part in the enterprise. Yet others can 
not fail to apprehend its importance and the necessity of continuing it. 
To mv mind it is clear that in order to attain its proper results the work 
must be put on a definite basis. It must be rendered permanent and placed 
in the immediate charge of workers who shall devote to it their entire 
time. If any measure of success has accompanied it in the past while it 
has been under the direction of those whose time was necessarily limited 
or when perhaps it has been carried out as a side issue in connection with 
the regular work of some fish hatching station, it is none the less true that 
it demands and deserves the full attention of able and trained investigators. 

There should also be mentioned in this connection the mass of experi- 
mental work which must be done. It is of vital importance for the 
solution of problems which present themselves in connection with the 
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biology of the lakes and their inhabitants, that experimental investigation 
should be possible in order to test the reeults, to answer questions, and 
to suggest possibilities that would otherwise remain undeveloped. No one 
can have read the preceding pages without having appreciated continually 
the questions suggested in connection with the most varied topics; no one 
can fail to see that the results attained should be supplemented or 
controlled by experiment. 

The life of the young white fish, its food and growth while in the state 
of nature, the best age and place for planting, and hundreds of other ques- 
tions which suggest themselves in connection with this particular topic 
cannot be decided in a few weeks work of a summer party however well 
equipped and located, Questions with reference to the yearly variations 
in the plankton and those problems suggested in connection with the dis- 
cussion of these questions early in the report, cannot be solved until a 
permanent biological station shall be able to observe and to experiment 
continuously throughout the year. Already efforts have been made on a 
limited scale at least, towards the increase and multiplication of the food 
supply of fresh water fish and in some small ponds of Europe it has met 
with moderate success. The discussion of Pine Lake suggests an equally 
fertile field of study. The possibilities of the future are evidently depend- 
ent upon the possibilities for investigation and experiment. Aquaculture 
must be given the same sort of scientific treatment that agriculture already 
receives at the hands of the thousand trained investigators in experiment 
stations that are located in every state of the Union. It must be studied 
from the same scientific standx>oint; its problems analyzed, its course 
marked out definitely; not until then can it render that service to the peo- 
ple which the opportunity of our inland seas makes possible in the way of 
a food supply at once cheap and agreeable. Let me quote from an address 
before the American Microscopical Society: "Fish culture will never 
attain its proper results until it receives by the liberality of the State and 
nation the same favors that have been extended to agriculture', the use of 
permanent and well equipped experimental stations where trained workers 
shall devote all their time and energy to the solution of its problems. The 
Great Lakes furnish a cheap and valuable food supply to one-third of our 
entire population, This food supply is rapidly becoming depleted. How 
long must such important interests wait their just recognition and ade- 
quate protection? And if properly developed, who can limit the possibili- 
ties of these Inland Seas in supplying the nation with food?" The urgent 
need of the present is not a mere biological observatory, however valuable 
0uch a permanent foundation might be, but a well-equipped and well- 
directed experiment station to attack the peculiar problems oi fish culture 
in the Great Lakes. 
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APPENDIX I. 



REPOET ON THE PLANTS. 



BY H. D. THOMPSON, MOLIl^E, ILL. 



For the three weeks beginaing August 2, 1894, it was the good fortune 
of the writer to be with the investigating party maintained at Charlevoix 
by the Michigan State Fish Commission. Daring this time there was 
made some study of the minute plant life of Lake Michigan and a botani- 
cal survey of Pine Lake was begun. The time did not suffice for the 
prober handling of either task. 

Pine Lake is a marl bottomed basin of a type not rare in northwestern 
Michigan. Unlike many of the small lakes which line the shore of Lake 
Michigan, its greatest length, instead of lying parallel with the adjacent 
shore line of the larger lake, forms with it a large angle. Some fifteen 
miles long and in its broadest portion three miles wide, and very irregular 
in outline its shore line exceeds ninety miles. Its western end is rather 
more than a mile from Lake Michigan with which it communicates freely 
through Bound Lake. The natural water ways from Pine Lake to Bound 
Lake and from the latter to Lake Michigan have been so improved for pur- 
poses of navigation by large lake boats, as to render communication much 
freer now than formerly. 

The shore of the lake rises in two bold terraces which appear with much 
regularity and clearness at Belvedere, and though sometimes broken, in 
places effaced by erosion, and often lying at considerable distance from the 
present shore line, they may still be traced along the lake for long 
distances to the eastward,, and are continuous around Bound Lake on both 
sides and thence along Lake Michigan both to the northward and 
southward. 

At present the lake consists of a long, narrow, central basin twenty to 
twenty-five meters in depth with a uniform regular marl bottom, extend- 
ing from Charlevoix at its western end to Boyne at the eastern, surrounded 
by shallower waters including all coves and bays and a marginal area of 
varying width along the shore. 

The bays are all rather shallow, the bottom sloping away gradually from 
the shore line toward the edge of the basin, which in each case extends 
across the mouth of the bay in a line between points in front of the head- 
land on either side. 

In general the bottom drops off evenly until, at a distance of two hundred 
twenty-five to three hundred twenty-five meters from shore there is a 
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depth of about fifteen meters; then in course of two or three rapid casts 
of the lead eighteen to twenty-one meters is found, and the lead comes up 
bearing soft sticky marl. Exceptions were noted in which the gentle 
slope was continuous from the shore line, for a full half mile into the lake, 
before the twenty meter depth was reached. One and oae-half miles N. 
E. of Advance a depth of twelve meters was found at fifty meters from 
shore; twenty meters, fifteen meters farther out, and within another 
twenty-five meters the lead dropped down twenty-six meters, to the end 
of our sounding line, but found no bottom. 

The beach of Pine lake varies from sand in certain localities to calca- 
reous gravel or even soft marl in others. The bottom of the shallow mar- 
^nal portion naturally partakes of the character of the adjacent beach, 
but invariably shades off to a marl as deeper water is reached. In some 
bays surrounded by cedar swamps the bottom is of soft, blackish mud, 
part marl, part alluvial deposit. In a few places where a bold sandy ter- 
race approaches the shore line closely, the bottom is of clean sand for a 
long distance out toward deep water. 

The flora of Pine Lake is exceedingly meager. The observer may row 
along its shore for miles without seemg one thrifty bed of water weeds, 
and may dredge back and forth over a hundred acres of bottom without 
securing a handful of vegetation. In water varying from three to seven 
meters in depth were found scanty beds of Ghara sp,, never of thrifty well 
grown plants, never in fruit and always encrusted with calcareous material. 
Along shore, in water one and one-half to three meters in depth, occur a 
half dozen thin and rather small beds of Potamogeton perfoliatus L. 
Half way up the lake on the north side, on sand bottom, was a fairly 
thrifty and good sized bed of Scirpus pungens, Potamogeton perfoliatus L., 
Potamogeton lucidulum, Naiaa fiexilis and Ghara sp. In the edge of 
this bed toward deep water several fishing stake's were noticed. 

Some bass fishing being reported in Oyster bay on the south side of the 
lake, it was examined with some care. Oyster bay is an arm of the lake a 
half mile wide and nearly one and a half miles long. At the mouth the 
bottom slopes gently away from the shore on either side to a depth of nine 
meters near the middle. It becomes shallower steadily as its head is 
approached, ending in a marsh which shades off to the surrounding cedar 
swamp. Separated from this bay by a stretch of cedar swamp lies Susan 
Lake. In Oyster bay the bottom is of marl and black sediment 
mixture previously mentioned and vegetation is more plentiful than we 
found it elsewhere in the lake. A mile or more of shore line about the 
head of the bay is fringed with thrifty beds of Scirpus pungens Vahl., and 
Scirpus lacustris L.; Potamogeton perfoliatus L. occurs in several places. 
Acorus calamus L. and Typha latifolia L. also occur here though not 
noted elsewhere in the lake. The bottom bears numerous and fairly thick 
beds of Ghara sp., the same as foand elsewhere in the lake. There was 
everywhere a striking scarcity of algse and the entire absence of Myrio- 
phyllumf Utricularia and aquatic species of Ranunculus is noteworthy. 

The examination of material collected by tow net and dredge from the 
neighboring waters of Lake Michigan, Round Lake and Pine Lake for 
minute life, which had been in progress for several weeks, was near com- 
pletion at the time the writer became a member of the Fish Oommission 
party. Material was examined, however, and data collected, sufficient 
perhaps to indicate certain obvious facts, though not sufficient foundation 
tor any complicated or detailed conclusions. 
10 
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As might be expected from the free communication between Lake 
Michigan and the smaller lakes, the three lakes vary little in flora. The 
open, wind agitated waters, nnobstracted by the larger aqaatic plants, and 
for the most part of considerable depth, afford bat poor harbor for the 
filamentous algse, Desmidise and Characese so abundant in the waters of 
Lake St Clair investigated by the commission in 1893. The tow net and 
dredge, therefore, collect but little of such material, but the Diatomace» 
are ever present. 

Of the algsB Pandorina morum Bory., is most frequently met, occurring 
chiefly in surface tows, i^ometimes in great abundance. The stray speci' 
mens noted in deep tows may have been taken by accident, as the net 
was lifted from the water. Bottom tows and dredgings in Lake Michigan 
show fine colonies of Nostoc commune, Vaucheria tuberosa also is com- 
mon clinging to rocks, waterlogged bits of wood, etc., often at considerable 
depth ft occurred in great abundance on fishing grounds off High 
Island, with Chara sp., the dredge teeth soon becoming entangled with 
bushels of this mixed material. In Pine Lake the surface net not infre- 
quently collected bits of Spirogyra sp., Zygnema sp., Osdllaria ele- 
gans Ag., Lyngbya sp. The fragments were always quite small, gen- 
erally so far gone to pieces as to be of doubtful identity and were 
Srobably from beach pools washed into the lake by receding waves 
uring high wind. 

The Desmidise were not represented in any material examined from Lake 
Michigan, Bound Lake or Pine Lake. In a surface tow from Twin Lakes, 
the following were noted: 

Cosmarium brebisaonii Menegfa. 

C. marginatum Menegh. 

C. reniforme, ' 

C, subcrenatum Hantzsch. 

C. undulatum. 

Pediastrum ehrenbergii Goidek. (H. Br.). 

Sphcerozasma filiforme Rab. 

Siauraatrum corunulatum WoUe. 

8, gralkdorium Nord. 

The Diatomacese, greatly outnumbering all other plants both as to 
species and individuals, force themselves constantly upon the attention of 
the botanist. Individaale are generally present in much greater numbers 
in deep than in surface tows, but the distribution of species appears to be 
influenced but little by depth of water. The stipate forms are of course 
more often found in the neighborhood of a congenial support, but with 
little regard to the depth of this support below the water surface. The 
following species were noted, most of them in great numbers: 

Aaterionella formoaa Hasa, common in both surface and deep tows. 
Cocconema lanceolatum Ehr., frequent in dredgings. 
Cohcinodiaous radiatua Ehr., occasional among weeds. 
Cycloiella rotula Kutz., in dredgings, infrequent. 
Cymbella gaatroidea Kutz., common in deep and surface tows. 
Cyatopleura gibba (Ehr.) Ktltz., common in surface and deep tows 
everywhere. 
Navicula viridia (Nitzsch.) Eutz., common on weeds in shallow water. 
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NHzsohid dubia Wm. 8m., single specimen, among we^ds near surface. 
NUzsohia sigmoidea ( Nitzsch . ) Wm. 8m., in surface and deep tows. 
EpUhemia iurgida W m. Sm. 

Fragilaria capucina Desm., deep and surface tows, very common. 
Gomphonema geminatum (Lyng.) Ag., surface and (more often) deep 
tows. 

Orlhosira sp., like O. Dikii Wm. Sm., once in surface, once in deep tow. 

Stauroneis phoenicenieron Ehr., deep tow. ' 

Synedra affinis KtLtz., surface and deep tows. 

8, lunarts Ehr., among weeds in shallow water. 

8, ulva ^Nit^sch.) Ehr., in dredgings. 

Tabellaria fenestra (Lyng.) Ktltz., common everywhere. 

T. flocculosa (Both.) Ktltz., common. 

Washings from aquatic plants are, as is well known, generally rich in 
Diatomacese. The following species identified by D. B. Ward, M. D., of 
Poughkeepsie, N. Y. are from a small vial of material washed from Chara 
sp., previously mentioned as being dredged from the bottom in High 
Island harbor. Lake Michigan. 



Aohnanthidium flexellum. 
Amphora ovalia. 
Campyhdiscua nomcua. 
Cocconeis placentula, 
Cocconema ciatula, 
C gaatroidea, 
C, lanceolatum, 
C. cymbiforme. 
Cyoiotella compta. 
Cymbella ehrenbergii, 
Encyonema limula. 
E. proatratum. 
E. turgidum. 
EpUhemia argus, 
E. gtbba, 
E, iurgida. 
Eunotia arcua. 
E. diodon. 

E, pectinalia. . 
Fragilaria Harriaonii. 

F. capudruu 
Qomphonema capHatum. 
Q, conatrictum. 

Q. coronatum. 



Q. intricatum, var. pumilla. 

Meloaira granulata, 

Navicula affinia. 

N, bacillum. 

N. limoaa. 

N, oblonffa, 

N. nobilta. 

N, radioaa. 

N, perigrina. 

N. trinodia. 

N. viridia. 

Nitzachia frtiatulum, 

N. palea. 

Odoniidium hyemale. 

Pleuroaigma attenuatum, 

Surirella bifrona, 

S. biaeriata. 

S. elegana, 

Stauroneia gracilia, 

8. phoenicenteron, 

Stephanodiacua aatrea. 

Synedraulna, var. longiaaima. 

Tabellaria feneatrata, 

r. fiocculoaa. 



The writer desires to acknowledge his obligation and express his thanks 
to D. B. Ward, M. D., of Poughkeepsie, N. T\, for the identification of the 
above list of diatoms and to Mr. C. F. Wheeler, of Michigan Agricultural 
College, who has identified a considerable number of flowering plants. 
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APPENDIX II. 



A REPOET UPON THE PROTOZOA OBSERVED IN LAKE 

MICHIGAN AND THE INLAND LAKES IN THE 

NEIGHBORHOOD OP CHARLEVOIX, DUR. 

ING THE SUMMER OP 1894. 



BY O. A. KOFOID, SUPERINTENDENT OF THE BIOLOGICAL STATION OF THE 

UNIVERSITY OF ILLINOIS, URBANA, ILL, 



The observations in the following paper were made in the laboratory of 
the Michigan Fish Commission at Charlevoix, from July 24 to September 
1, 1894. The material examined consisted in the main of collections made 
at the surface and bottom, with fine muslin nets, principally in Pine and 
Round lakes and Lake Michigan. In addition to these, shore collections 
were made along Round, Pine, Susan, Twenty-six, East and West Twin 
lakes, either by dragging the Birge net through the weeds along the shore, 
or by gathering the vegetation — algsB, Chara^ NaiaSj Utricutaria^ Pota- 
mogeton, Myriophyllum, and Nuphar — and keeping it in aquaria in the 
laboratory, or collecting ** washin&:s " from it for immediate examination. 
To the systematic examination of these shore collections but little time 
could be given as the plankton was the main object of our investigation. 

The present paper makes no pretension to completeness. It is merely a 
list, a compilation from the daily record of the occurrence and distribution 
and relative abundance of such species as were identified during the six 
weeks of my stay at the laboratory. Many of the smaller Flagellata and 
Ciliata were not identified and no attention was paid to the GregarinidsB 
and little to the ecto and endo-parasitic Protozoa of the denizens of the 
lakes examined. The present report does not include the collections made 
with the plankton net in Lake Michigan, nor those made by Dr. R. H. 
Ward with the Birge net in the lakes to the north of Charlevoix as these 
collections have not yet come into my hands. A continuous and more 
thorough investigation would undoubtedly greatly extend the list of 
Protozoa here reported for the locality. A few forms were found which 
could not be referred to any described species in the literature at hand. 

The appended list recordbs 81 forms, 76 species and five varieties. The 
list reported by Smith (Bulletin Michigan Fish Commission No. 4, 1894), 
for Lake St. Clair includes 32 forms, eighteen of which are to be found 
among those observed at Charlevoix. 
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The forms included in the present list are distributed as follows among 
the different groups: 

Rhizopoda 22 

Heliozoa 5 

MasUgophora 20 

Infusoria . 34 

RHIZOPODA, 

1. Amoeba proteus Leidy. Swampy shores of Pine Lake, and West 
Twin Lake. Not common. 

2. Amoeba radioaa Ehrbg. Swampy shores of Pine Lake. Bare. 

3. Amoeba verrucosa Ehrbg. Among the algse along the shores of 
Pine Lake. Not common. 

4. Cochliopodium bilimbosum Auerbach. A single specimen from 
washings from Chara obtained at High Island harbor was observed. The 
collections came from a depth of about 6 m. on whitefish grounds. 

5. Arcella vulgaris Ehrbg. Twenty- six Lake, East and West Twin 
lakes, in shore colieetions. Occasionally found in the surface and bottom 
tow in Round Lake. Common in Sphagnum. 

6. Hyalosphenia ehgans Leidy. Common in Sphagnum along the 
shores of Pine Lake. Single specimen taken in surface tow at West Twin 
Lake. 

7. Hyalosphenia papilio Leidy. Common in Sphagnum along shores 
of Pine Lake. 

8. Quadrula symmetrica F. E. Schultze. Common in Sphagnum along 
shores of Pine Lake. 

9. Difflugia collaris Ehrbg. Common among Fontinalis from shores 
of East Twin Lake. 

10. Difflugia constricta Ehrbg. In shore collections from Twenty-six 
Lake. Bare. 

11. Difflugia globulosa Duj. Occasional in shore collections at East 
and West Twin Lake and Twenty-six Lake; in Sphagnum along Pine Lake. 
Common im surface and bottom tows and hauls of the plankton net in 
Bound and Pine lakes and especially in Lake Michigan. It is much more 
abundant in surface than in bottom tows and in Lake Michigan than 
in the smaller lakes. It is very resistant, remaining active long after other 
animals in the tow have perished because of foul water. The limnetic 
form cannot be distinguished specifically from the form found in shore 
collections and in Sphagnum, 

12. Difflugia lobostoma Leidy. Taken in surface tow in West Twin 
Lake in shallow water; also in bottom tow in Round Lake in 16 m. of water. 
Bare. 

13. Difflugia pyriformis Perty. Occasional in shore collections alone 
Pine and Twenty-six Lake; also in bottom tow in Bound Lake in 16 m. of 
water and in bottom tow in Lake Michigan, 2| miles from shore in a haul of 
the plankton net in 67 m. of water. 

14. Nebela barbata Leidy. Occasional in Sphagnum along Pine Lake. 
Forms intermediate between N. barbata Leidy and N. colTaris Ehrb^. 
were also found in the same locality. (See Leidy's Fresh Water Bhizopo& 
of N. A., PI. 24, Figs. 18, 19.) 

16. Centropyxis aculeata Stein. In shore collections along Pine Lake, 
East Twin, Twenty-six, and Susan lakes. Also in bottom tows in Lake 
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Michigan, 1^ miles off New York Point in 24 m., and 2 miles off Norwood 
in 16 m. of water. Occasional. 

16. Centropyxis ecomia Leidy. A single dead shell was found in 
shore collections from East Twin Lake. This is probably a variety of the 
preceding. 

17. Euglypha alveolata Dnj. Occasional in shore collections along 
Pine and West Twin lakes, in Sphagnum and washings from Utricularia, 

18. Euglypha ciliata Ehrbg. A single specimen was taken in surface 
tow off Fisherman's Island, in Lake Michigan. Common in Sphagnum 
about Pine Lake. 

19. Euglypha criafata Leidy. Bare in Sphagnum along shores of 
Pine Lake. 

20. Trinema enchelya Ehrbg. Common in Sphagnum along the shores 
of Pine Lake. Occurred also in shore collections from West Twin Lake. 
A single specimen was noted in a haul of the plankton net in 56 m. of 
water, 2i miles off Norwood in Lake Michigan. 

21. uyphoderia ampulla Ehrbg. In shore collections from Pine and 
West Twin lakes. Common, especially in Sphagnum, Occasionally 
found in bottom tows in Bound Lake and once in La^e Michigan 2f miles 
from shore in a haul of the plankton net in 57 m. of water. 

22. Qromia mutabilis Bailey. Common on floating colonies of Ophry- 
dium veraaUle in East Twin Lake. 

HELIOZOA. 

23. Vampyrella laterUa Fres. Bare, in shore collections from East 
Twin Lake and Twenty-six Lake, among algae or on masses of Ophrydium 
versatile. 

24. Actinophrys sol Ehrbg. Lake Michigan, Pine Lake, Bound Lake, 
West Twin Lake. More abundant in surface than in bottom tows. Found 
also in shore collections. Common, 

25. Actinosphcerium Eichhornii Ehrbg. Bottom tow in Bound Lake, 
also in bottom tow in Lake Michigan, N. W. of Norwood, two miles from 
shore in 15 m. of water. Bare. 

26. Heterophrys myriapoda Archer. Bare among algsB in pools along 
Pine Lake. 

27. Rhaphidiophrys viridia Archer. In shore collections from East 
and West Twin and Susan lakes. Bare. 

MASTIGOPHORA. 

28. Dinobryon seriularia Ehrbg. The type as figured and described 
by Btitschli and Kent, is much less common than the varieties. It occurs 
however in surface and bottom tows in Bound Lake and Pine Lake and in 
Lake Michigan, and in shore collections at West Twin Lake. 

29. Dinobryon seriularia Ehrbg. var. angulatum Seligo. Most com- 
mon of all varieties, occurring in surface and bottom tows in West Twin, 
Bound, and Pine lakes and Lake Michigan. 

30. Dinobryon seriularia Ehrbg. var. divergens Imhof. Very com- 
mon in surface and bottom tows in Bound and Pine lakes, and in Lake 
Michigan. 

81. Dinobryon seriularia Ehrbg. yblt. undulaium Seligo. Common 
in Bound and Pine lakes and in Lake Michigan in surface and bottom 
lows. 
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32. Dinobryon atipUatum Stein. Common in sarface and bottom tows 
in Bound and Pine lakes, most abundant in Lake Michigan. Intermedi- 
ate forms connect this with the preceding species^ and it should perhaps 
be reduced to a variety. 

83 Uroglena volvox Ehrbg. Common in surface and bottom tows in 
Bound and Pine lakes and in Lake Michigan. 

34. JSuglena viridis Ehrbg. Common in shore collections along Pine, 
East Twin and Twenty-six lakes. Also found occasionally in bottom tow 
in Pine Lake at a depth of 15 m. 

36. Entosiphon sulcatum Stein. Among algsB in pools along the 
shore of Pine Lake; common. 

36. Synura uvella Ehrbg. Occasional in surface and bottom tows in 
Bound and Pine lakes and in Lake Michigan. 

37. Mallomonas acaroides Zach. In surface tow in shallow water in 
West Twin Lake; also in bottom tow in Pine Lake in 13 m. of water; occur- 
ring in both cases with the following variety; rare. 

38. Mallomonas acaroides Zach., var. producia Za3h. Common in 
bottom tows from Pine Lake, Aug. 4, but not found again during the summer 
except in small numbers in surface tow at West Twin Lake on Aug 6. 
Cysts were forming Aug. 4, and no individuals intermediate between the 
type and the variety were noticed in the material examined. 

39. Gonium pectorale Ehrbg. Occasional in bottom tow in Pine Lake. 

40. tandorina morum Ehrbg. Occasional in surface tows in Lake 
Michigan. 

41. Volvox globator Ehrbg. Bare in bottom tow in Bound Lake. 

42. Diplosiga frequentissima Zach. Common in surface and bottom 
tows in Bound and Pine lakes and Lake Michigan oa Aslerionella. 

43. Chilomonas paramoecium Ehrbg. Very abundant in shore collec- 
tions which had stood in laboratory for several days. Paramoecium 
aurelia had been abundant in the same jars on previous day but decreased 
rapidly in numbers as Chilomonas multiplied. 

44. Peridijtium tabulatum Ehrbg. Frequent in surface tows in Lake 
Michigan, also in surface tow in West Twin Lake, and surface and bottom 
tows in Bound Lake. Taken in small numbers with the Birge net in Susan 
Lake. 

45. Ceratium cornutum Ehrbg. Frequent in washings from 
Utricularia hom West Twin Lake; associated with along slender form of 
C. hirundinella O. F. Mull, with divergent horns. 

46. Ceratium hirundinella O. F. MtlU. In shore collections from Pine, 
Bound, Susan, East and West Twin lakes, occasional. Abundant in 6very 
surface and bottom tow in Bound and Pine lakes, and especially in Lake 
Michigan. Triangular cysts were common in bottom tows and dredge 
washings during the first two weeks of August. They were also found 
occasionally in surface tows. A wide raoge of variation is exhibited by this 
species. The horns vary in number from three to six, also in the degree 
of their prolongation and divergence. Individuals with deformed, curved 
and even hooked horns were found. One three horned specimen had the 
left posterior horn bifid for about half its length. 

47. Glenodinium cincium Ehrbg. Common in shore collections along 
West Twin Lake especially in washings from Utricularia. Also found in 
surface and bottom tows in Lake Michigan, and in the latter part of 
August the gelatinous *' cysts " containing one to three individuals were 
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common in surface and bottom tows in Bound and Pine lakes and in Lake 
Michigan. 

INFUSOBIA. 

48. Colepa hirtua Ehrbg. In shore collections from East and West 
Twin lakes. Frequent especially in aquaria that had stood for some days. 

49. Tracheliits ovum Ehrbg. A single specimen observed from pool 
along Pine Lake. 

50. Dileptua anser O. P. Mull. In shore collections (Birge net) in 
West Twin and Susan lakes. Occasional. 

61. Naaaula omata Ehrbg. Common on colonies of Nostoc and Dia- 
toms and on Phryganeid egg masses brought up in the trawl off Beaver 
Island in Lake Michigan from a depth of 60 m. 

52. Frontonia acuminata Ehrbg. Bare in shore collections at East 
Twin Lake, associated with Ophrydium versatile. 

53. Uronema marina Duj. Very common in algee in pools along Pine 
Lake. 

54. Paramoecium aurelia O. F. Mull. Very abundant in shore col- 
lections from Pine Lake that stood in the laboratory several days. 

55. Paramoecium buraaria Ehrbg. In washings from West Twin 
Lake; rare. Also taken with the Birge net in Susan Lake. 

56. Urocentrum turbo O. P. Mull. Abundant in shore collections 
from West Twin Lake that had been standing in the laboratory for several 
weeks. 

57. Cyclidium glau^coma Ehrbg. Among algse in pools along the shore 
of Pine Lake; common. 

58. ConchopMhirua anodontce Ehrbg. On Anodonta, Unio and lAmnea 
atagnalia, 

59. Spirostomum ambiguum Ehrbg. Among algse in pools along Pine 
Lake, occasional. 

60. Stentor igneus Ehrbg. Abundant in Bound Lake upon Chara, 

61. Stentor igneua Ehrbg. var. fuliginoaus Forbes. Very abundant 
blackening the margins of the pools along the shore of Pine Lake, also in 
Bound Lake upon Char a. Varies greatly in size and amount of black pig- 
ment. 

62: Stentor Boeaelii Ehrbg. Bare in shore collections in East and 
West Twin, Susan and Bound lakes. 

63. Halteria grandinella O. F. Mull. Common among algae in pools 
along Pine Lake. 

64. Strombidium turbo C. & L. Common in shore collections from 
West Twin Lake that had been standing in the laboratory for sevend 
weeks. 

65. Tintinidium fluviatile Stein. A single specimen in bottom tow 
from Bound Lake, made in 16 m. of water. 

66. Codonella cratera Leidy. Surface and bottom tows, Pine Lake, 
and especially in Lake Michigan. Frequent. This species shows a wide 
range of variation in size, in the relative size of the aperture and the length 
of the neck. The number of rings on the neck varies from one to five, 
though in many cases no ring at all can be detected. Many individuals 
show no traces of the overarching ring about the aperture of the shelL 

67. Stichotricha cornuia C. & L. Single specimen noted in shore 
collections from East Twin Lake. 
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68. Oxyiricha ceruginosa Wrz. Among algsB in pools along Pine 
Lake; occasional. 

69. Stylonychia mytilus Ehrbg. Common in shore collections from 
East Twin Lake. 

70. Euplotea Charon Ehrbg. Occasional among algae in pools along 
Pine Lake. 

' 71. Aapidiaca costata Duj. Among algse along shores of Pine Lake. 
Common. 

72. Trichodina pediculua Ehrbg. On Hydra. This species has bee n 
reported by Zacharias ( See Zeitschrift fUr Fischerei und deren Hilfswiss- 
enschaften, 1894, Heft 4) as parasitic on young whitefish, as many as 
25 individuals being found on 4 sq. mm. of epidermis. 

73. Vorticella rhabdostyloides D. S. Kellicott. Abundant on floating 
masses of Anabcena in surface and bottom tows in Bound and Pine lakes 
and Lake Michigan. 

74. Vorticella campanula Ehrbg. In shore collections from East 
and West Twin lakes; rare. 

75. Vorticella nebulifera Ehrbg. Occasional in shore collections from 
Twenty-six Lake. 

76. Ophrydium versatile O. F. Mull. In East Twin and Susan lakes. 
Common. Oolonies reaching in some cases 125 mm. in longest diameter. 

77. Cothurnia crystallina Ehrbg. On Spirogyra in East Twin Lake, 
occasional. A single small detached form taken in the plankton net within 
3 m. of the surface is probably to be referred to this species. 

78. Lagenophrys ampulla Stein. On the branchial appendages of 
Hyalella aentaia Smith, from West Twin Lake; common. 

79. Stylohedra lenticula D. S. Kellicott. Common on the caudal 
setaB of Hyalella dentata Smith, from Twenty-six Lake and bottom tows 
in Lake Michigan. 

80. Dendrocometes paradoxus Stein. One detached dead specimen 
was found in the shore collections from West Twin Lake. 

81. Podophrya cyclopum C. & L. On carapace of Epischura lacus- 
iris Forbes. 

The nature of the lakes examined by the Fish Commission party in 1894 
differs strikingly from that of Lake St. Clair examined in 1893. Lake St. 
Clair is a shallow lake with strong currents and an abundant supply of 
vegetation. Lake Michigan on the other hand has deeper water, feebler 
currents and little or no vegetation along its shores or on its bottom. 
Thus of Magnin's plant zones, the PAragrmiYe/wm, Scirpeium, Potamoge- 
tonetum and Characetum the last only is represented and that too in very 
limited areas, at least in the parts of the lake examined in 1894. 
This fact necessarily profoundly influences the character of the Proto- 
zoan fauna of the littoral zone and to a slight degree at least the qualita- 
tive character of the plankton itself, as it must reduce the number of 
occasional migrants from the littoral zone. 

The conditions in Pine Lake resemble those of Lake Michigan in the 
absence of littoral vegetation and the limited area of the Characetum. 
Its fine marl and sand bottom affords no support to the alluvium loving 
water plants. Bound Lake also is devoid of any considerable amount of 
v^etation; only a few scattered Potamogetons and isolated patches of 
Chara being found. 
11 
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The Protozoan fanna of these lakes falls into two divisions representing 
(1) limnetic fauna — found free swimming or floating in the plankton and 
including relatively a very small number of species — and (2) littoral fauna. 

LIMNBTIG FOBMS, (21.) 

Difflugia glohulosa, Mallomonas acaroides, 

Actinophrys sol. Mallomonas acaroides var. pro- 

Actinosphcerium EichhorniL ducta, 

Dinobryon sertularia. Qonium pectorals. 

Dindbryon sertularia var. divergens. Pandorina morum. 

Dinobryon sertularia var. angu^ Diplosiga frequentissima. 

latum. Peridinium tabulatum. 

Dinobryon sertularia var. undu- Ceratium hirundinella. 

latum. Qlenodinium cinctum. 

Dinobryon stipitatum. Codonella cratera. 

Uroglena volvox, Vorticella rhabdostyloides. 

Synura uvella. Podophrya cyclopum. 

Of the 21 species included in the above list all belong to the active lim- 
netic groups except the following which must be classed as passive 
limnetic forms: 

Diplosiga frequentissima (on Asterionella). 
Vorticella rhabdostyloides (on Anabcena). 
Podophrya cyclopum (on Epischura lacustris). 

There is not the least doubt that Difflugia globulosa is a prominent and 
during the period of observation, July 24r-Sept 1, constant member of 
the limnetic fauna. Its classification as an active form is perhaps ques- 
tionable. With the exception of this Bhizopod, Difflugia, the Heliozoans 
Actinophrys and Actinosphcerium, and the aberrant ciliate Codonella^ all 
of the active limnetic species belong to the Mastigophora, are indepen- 
dent of a substratum for attachment and have holozoic nutrition. 
They share with the few pelagic algae and diatoms the important func- 
tion of furnishing food for the limnetic Crustacea which in turn are 
probably eaten by fish. They are thus an indispensable factor in the 
economy of the organic life of the Lakes. 

In addition to the species in the above list which form the greater part 
of the Protozoan plankton there are many species of the littoral zone which 
are from time to time found in the plankton. 

The following forms which probably belong to the littoral fauna have 
been observed in the plankton and further investigation would doubtless 
extend the list to include most if not all of the species of the littoral fauna. 

Arcella vulgaris Trinema enchelys 

Hyalosphenia elegans Cyphoderia ampulla 

Difflugia hbostoma Euglena viridis 

Centropyxis aculeata Volvox globafor 

Euglypha ciliata Cothurnia crystallina 

Actinosphcerium Eichhornii and Podophrya cyclopum are also found 
in the littoral zone and might be included in the list as fre(]^uent migrants. 
Actinophrys sol on the other hand must be regarded as a limnetic as well 
\B a littoral species inasmuch as mere migration is insufficent to explain 



BIOLOGICAL EXAMINATION OF LAKB MICHIGAN. 83 

its frequent and repeated occurrence in the waters of Lake Michigan miles 
from shore. 

There is not sufficient evidence at hand for a distinction between the 
autolimnetic or surface, and the bathy limnetic or abyssal species inas- 
much as the nets used for taking the bottom tow were not self closing and 
so called '^ bottom tow " included not only the bottom species but also 
those captured during the ascent of the net. The examination of the hauls 
with the plankton net will doubtless shed some light on the subject of the 
distribution of the protozoa in the bottom, the intermediate and the surface 
zones. So far as the evidence at hand goes, the indications are that the 
large majority of the limnetic species are found at both surface and bot- 
tom. Difflugia globulosa and Actinophrys sol are apparently more 
abundant in the surface tow. Actinosphcerium Eiohhomii, JSuglena 
viridis, Mallomonas acarqides var. producta, Volvox globator, have 
been found mainly or only in bottom tows though all but one of these may 
be migrants, and all occur infrequently. 

LITTORAL FORMS. 

Lake Michigan has properly speaking no littoral zone. The sandy beach 
and the action of the waves prevent its formation and the migrants are 
prdbably carried down by the tributaries. In the case of Pine Lake how- 
ever we can distinguish a slightly developed littoral zone with two distinct 
regions. (1) Shore pools; shallow bodies of water of small extent fed 
by springs. They contain a few dwarfed rushes , sedges and Utricularias 
and generally an abundance of algae. In these pools the following species 
were found: 

Amoeba radiosa, Cyclidium glaucoma. 

Amoeba verrucosa. Spirostomum ambiguum. 

Arcella vulgaris, Stentor igneus. 

Actinophrys sol. Stentor igneus var. fuliginosus. 

Vampyrella Interita. Stentor Hoeselii, 

Heterophrys myriapoda, Halteria grandinella, 

Entosiphon sulcatum. Oxytricha ceruginosa. 

Goleps hirtus. Stylonychia mytilus, 

Tro^helius ovum. Euplotes Charon, 

Uronema marina, Aspidisca costaia. 
Paramoecium aurelia, 

(2.) Sphagnum: This is abundant in the cedar swamps (on the borders 
of Pine Lakp) which are drained by brooks directly into the lake. In some 
places the Sphagnum comes to the water edge. Its Protozoan fauna con- 
sists mainly of Ehizopods. The following species were noted. Others 
doubtless occur. 

Amoeba proteus. Centropyxis aculeata. 

Amoeba radiosa, Nebela barbata. 

Arcella vulgaris. Euglypha alveolata, . 

Hyalosphenia elegans. Euglypha dliaia. 

Hyalosphenia papilio. Euglypha cristata. 

Quadrula symmetrica. Trinema enchelys. 

Dijfflugia collaris, Cyphoderia ampulla. 
Difflugia pyriformis. 
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« 

The other inland lakes investigated had well developed littoral zones, 
abounding in plant life. The' determination of the fauna of these lakes 
was confined to the examination of shore collections and this owing to 
the short time available for the purpose was necessarily very incomplete. 
Nevertheless it was here that the greatest number of species was found. 
The following were identified: 

Amceba proieus. Chilomonas paramoecium. 

Arcella vulgaris. Peridinium iabulatum, 

Hyalosphenia elegans, Ceratinm comutum. 

Dijfflugia collaris. Ceratium hirundinella, 

Difflugia constricia. Olenodinium cincium, 

Ihfflugia qlobulosa. Coleps hirtus. 

Difflugia lobostoma, Dileptus anaer. 

Difflugia pyrif&rmis. Frontonia acuminata, 

Centropyxis aculeata, Paramcecium aurelia. 

Centropyxis ecornis. Paramoedum burs aria, 

Trinema alveolaia. Urocentrum iurbo. 

Cyphoderia ampulla. Stenior Roeselii, 

Oromia mutabitis. Strombidium iurbo, 

Actinophrys sol. Stylonychia mytilus. 

Vampyrella laterita. * Stichotricha comuta. 

Rapnidiophrys viridis. Trichodina pediculus. 

Dinobryon seriularia. Vorticella campanula. 
Dinobryon seriularia var. angula- Voriicella nebulifera. 

ium. Ophrydium versaiile. 

Synura uvella. Coihumia crystallina. 

Mallomonas acaroides. Lagenophrys ampulla. 
Mallomonas acaroides var. pro- Siylohedra leniicula. 

ducta, Dendrocomeies paradoxus. 

The close similarity of the European and the North American Protozoan 
fauna is strikingly illustrated in the list of Protozoa observed at Charle- 
voix. Of the 81 forms identified at least 73 (and probably more) are also 
found in Europe. 

Zacharias in the Forschungsberichte aus der Biologischen Station 
zu PlOn, Theil II, lists 93 Protozoa as occurring in the Plbner See, 43 of 
which are contained in the present incomplete Charlevoix list. With two 
exceptions, Podophrya cychpum and Glenodinium dncium^ every one of 
the limnetic species reported for our waters is also found at PlOn. The 
limnetic Protozoa of the two continent9 are practically identical. 
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APPENDIX III. 



EEPOET ON THE ROTATORIA. 



WITH DESCRIPTION OF A NEW SPECIES. 



BY H. S. JENNINGS. 



The Rotatoria are mnch less abundant in Lake Michigan and the waters 
connected with it, in the region of Charlevoix, than in Lake St. Clair. 
The limnetic species are fairly well represented, but littoral and bottom 
forms are rare on account of the character of the shores and bottom. 
These are almost everywhere of sand or clay and nearly without Vegeta- 
tion. The number of species found in these lakes is therefore scarcely more 
than half the number found in Lake St. Clair in the summer of 1893. 

In some of the smaller lakes at some distance from Lake Michigan and 
not openly communicating with it, Rotifera are more abundant, the fauna 
here showing much more the characjieristics of that of Lake St. Clair. 
The rotifers from these lakes will be reported separately, as will also a 
short list from the sphagnum swamps of the region. 

The account therefore takes the following form: 

1. List of Rotatoria from Lake Michigan and the two lakes in open 
communication with it (Round Lake and Pine Lake), with notes on 
distribution. 

2. List of Rotatoria from pools on the sandy shore of Pine Lake. 

3. List of Rotatoria from West Twin Lake. 

4. List oE some Rotatoria in material brought from Susan Lake. 

5. List of Rotatoria from sphagnum swamps near Pine Lake. 

6. List of species new to the fauna of Michigan. 

7. Systematic and faunistic notes on certain species in the preceding 
lists, with description and figures of Distyla aignifera n. sp. 

1. LIST OF BOTATOBI^ FiiOM LIKE HIGHIGIN, BOUND LAKB« AND PINE LAKB. 

This list includes limnetic, littoral and bottom species from these three 
lakes and from the channels connecting them. The three lakes are 
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included in one list on account of their open communication wit^ each 
other and their similar characteristics; differences will be discussed in the 
notes at tbe end. The list does not include forms found in the shallow 
pools on the shores of Pine Lake, unconnected or only slightly connected 
with the main waters. These show a different character and are given in 
a separate list. 

In order to show any differences in the fauna of the three lakes included 
in this one list, a letter is added in parenthesis, indicating in which lake or 
lakes the form was found. M, signifies Lake Michigan; R. signifies 
Bound Lake; P. Pine Lake, and C the natural channel connecting Bound 
and Pine lakes. (See PL IV. X 

The figures in parenthesis after the names of certain species refer to. the 
systematic and faunistic notes at the end of the paper. 



Rotatoria from Lake Michigan^ Round Lake, Pine Lake, and the Channel Connect- 
ing Round Lake and Pine Lake, 

FloBcularia mutabillB Bolton. (M. R. 'P^ Diglena catellina Ehrbg. (R. CO 

FloBCularia pelagica Bousselet. (M. R. F.) Mastigocerca carinata £hrbg. (M. P.) 

ConoohiluB unicorniB Rousselet. (M. R.) MaBtigocerca bicomiB Ehrbg. (M. R. P.) 

Philodina roseola Ehrbg. (C.) RattuluB Bulcatus Jennings. (C.) 

Philodina megalotrocba Ehrbg. (P. C.) Coelopus porcellus Gosse. (C.) 

Philodina macrostyla Ehrbg. (M.) Coelopus tenuior Gosse. (C.) 

Rotifer vulgaris Schrank. (P. C.) Dinocharis pocillum Ehrbg. (R.) 

Rotifer elongatus Weber. (M.) Dinocharis tetractis Ehrbg. (M. C.) 

Callidina musculosa Milne. (M^ PolychsBtus subquadratus Perty. (C.) 

Asplancbna priodonta Gosse. (M. R. P. C.) PolychsBtus Collinsii Gosse. (C.) 

Asplanchna Herrickii de Gueme. (M.R.P.) Soaridium longicaudatum Ehrbg. (P. C.) 

Asplanchnopus myrmeleo Ehrbg. (P.) Diaschiza semiaperta Gosse. (R. P. C.) 

Ascomorpha ecauais Perty. (M. R. P.) Euchlanis lyra Uudfion. (fU 

Anapus ovalis Bergendal. (M. R. P.) Euchlanis deflexa Gosse. (U.) 

SyncbaBta stylata Wierz. (M. R. P.) Euchlanis oropha Gosse. (R. P. C.) 

Polyarthra platyptera Ehrbg. (M. R. P.) Cathypna luna Ehrbg. (C.) 

Notops pygmsBUs Caiman. (M. R. P.) , Monostyla bulla Gosse. (C.) 

Ploesoma lynceus Ehrbg. (M. R. P.) Monostyla lunaris Ehrbg. (K. C.) (Note 6^ 

Ploesoma Hudsoni Imhof. (M. R.) Monostyla closterocerca Schmarda? Qa.. 
Taphrocampa annulosa Gosse. (C.) R. C.) 

Notommata lacinulata Ehibg. (R. C.) Metopiaia lepadella Ehrbg. (C.) 

Notommata monopus Jennings. (M. R. P.) Metopidia acuminata Ehrbg. (R.) 

Copeus labiatus Gosse. (P.) Metopidia Ehrenbergii Perty. (C.) 

Proales laurentinus Jennings. (C.) (Note 2.) Braohionus Baked Ehrbg. (C.) 

Furcularia forificula Ehrbg. fP. C.) ' AnursBa aculeata Ehrbg. (M^ 

Furcularia longiseta Ehrbg. (P. C.) Anuraea cochlearis Gosse. (m., R. P.) 

TriophthalmuB dorsualis Ehrbg. (R. P.) Nothocla scapha Gosse. (M. R.) 

Eosphora aurita Ehrbg. (R.) Notholca foliacea Ehrbg. (R.) 

Diglena grandis Ehrbg, (O.) Notholca longispina Kellicott. (M. R. P.) 
Diglena forcipata Ehrbg. (C.) 

Thus in these three connected lakes but fifty-eight species were found, 
as against one hundred and ten in Lake St. Clair during the preceding 
summer, though the investigation here was fully as thorough as that of 
Lake St. Clair. Twenty-four species were* found in Lake Michigan, 
twenty-eight in Bound Lake, twenty- five in Pine Lake, and twenty-nine in 
the shallow channel between Bound Lake and Pine Lake. Lake Michigan 
has four species not found in the others. Bound Lake five, Pine Lake two 
and the channel sixteen. 

The great reduction in number comes especially in the littoral and bot- 
tom forms. The shores and bottom of Round Lake and Pine Lake were 
carefully examined, but the number of littoral or bottom forms is only 
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twenty-thr^e. The small number is due to the general absence of vegeta- 
tion. The few Chara beds of Pine Lake harbor very few rotifers. The 
channel connecting Bound Lake and Fine Lake is shallow and contains 
considerable vegetation, so that a comparatively large number — twenty- 
nine — of distinctively littoral rotifers were found here. 

In Lake Michigan almost no littoral or bottom forms were found. In a 
few cases vegetation from deep parts of the bottom was brought up by the 
dredges; in this eight bottom forms were found. These are Philodina 
macroatyla Ehi^bg., Rotifer elongatus Weber, Callidina muscuhaa 
Milne, and Dinocharis teiractius Ehrbg., dredged from a depth of six- 
teen meters, and Ascomorpha ecaudis Perty, Mastigocerca carinata 
Ehrbg., Mastigocerca bicomis Erhbg., and Monostyla closterocerca 
Schmarda, depth not recorded. 

The limnetic forms of the list are as follows: 



FloBCularia mutabilis Bolton. 
FloBcularia pelagica Bousselet. 
Conoehilus unicomie BouBselet. 
Asplanchna priodonta Gk>BBe. 
Asplanohna Herrickii de Guerne. 
AnapuB ovaliB Bergendal. 
SynchsBta atylata Wierz. 



Polyarthra platyptera Ehrbg. 
PlcBBoma lynceus Ehrbg. 
PloBBoma Hudsoni Imhof.^ 
NotopB pygmsBUB Caiman.' 
Notommata monopuB JenoiiigB. 
AnursBa oochleariB GtoBBe. 
Notholoa longlBpina Kellioott. 



Mastigocerca bicomis Ehrbg. was taken several times in the towings, 
and as has been noted by other observers, seems to be a transitional form 
between limnetic and littoral Rotatoria. Isolated specimens of some few 
other rotifers — Euchlanis oropha Gosse, Ascomorpha ecaudis Perty, 
Monostyla closterocerca Schmarda, Monostyla lunaris Ehrbg., and 
Notholca scapha Gosse — were taken occasionally in the towings, but these 
were evidently wanderers from the bottom or shore. 

The list then contains but fourteen limnetic Botatoria, as against twenty- 
four from Lake St. Clair. With farther observation I am inclined to believe 
that a number of those in the Lake St. Clair list are due to the shallow- 
ness and rank vegetation of that lake. As such, and as therefore not 
entitled to be called genuine limnetic forms, I should consider Apsilus 
leniiformis Metsch., Ascomorpha hyalina Kellicott, and Mastigocerca 
capucina Wierz. and Zach. 

As to the relative abundance of the different species, there is a general, 
though not exact, agreement with Lake St. Clair. Exact records of the 
presence of the forms in forty-nine towings taken at different times or 

f)laces showed the relative frequency of the more common species as fol- 
ows: Anurcea cochlearis Gosse occurred forty two times; Notholca 
hngispind Kellicott, forty-one times; Notops pygmceus Caiman, thirty- 
eight times. These three commonest species were followed at some 
distance by Synchceta stylaia Wierz., twenty-eight times; Ploesoma 
lynceus Ehrbg., twenty-six times; Polyarthra platyptera Ehrbg., twenty- 
four times; Asplanchna priodonta Gosse, twenty-two times; Swscularia 
muiabilis Bolton, twenty-one times; Conochilus unicornis Bousselet, 
twenty-one times, and Notommata monopus Jennings, seventeen times. The 
others occurred in less than one-third the whole number of towings. Ail 
noted below, in the latter part of the summer Asplanchna Herrickii de 
Guerne became very abundant, forming by far the largest number of 
individuals in the towings during the last weeks of August. 

The limnetic rotifers were considerably less abundant in Pine Lake than 
in the other two lakes. Thus the average number of species occurring in 
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the surface towings from Lake Michigan and from Round Lake was 
between nine and ton while from Pine Lake the average was but five and a 
half. In the bottom towings the average for Lake Michigan and Bound 
Lake was five and a half, while for Pine Lake it was four and a half. Some 
species were not found at all in Pine Lake; this is true of Conochilus 
unicornis Bousselet, which was very common in the other two lakes; also 
of Ploesoma Hudsoni Imh. Floscularia pelagica Boueselet occurred but 
once from Pine Lake; Ploesoma lynceus Ehrbg., twice, Synchceta stylata 
Wierz.. (very abundant in the other lakes), three times. 

During the daylight the limnetic Botifera are found in much greater 
numbers near the surface than near the bottom, reversing the condition 
commonly observed for the Crustacea. This fact is brought out distinctly 
in the record of towings. In eighteen recorded surface towings from 
Lake Michigan and Bound Lake, taken on different days, the average num- 
ber of species present was between nine and ten, and the number of indi- 
viduals of many of these was very great. In twenty recorded towings 
from near the bottom of the same lakes, the average number of species 
found was between five and six, and generally but scattered individuals of 
each species were found — such as might have been caught in pulling the 
net to the surface. The difference in Pine Lake is not so considerable, 
since the number of species found there is very small, either at surface or 
bottom. 

At night the distribution seems not to be materially changed. The 
immense numbers of Crustacea then present near the surface obscure the 
Botifera; but no greater number of rotifers was found near the bottom, in 
the few towings made at night than in the daytime. 

My observations tend most distinctly to show that there is great varia- 
tion in the numbers of rotifers present in any one region within short 
periods of time; also that there is great variation in the numbers taken in 
different regions at about the same time. Certain forms seem fairly con- 
stant as to their presence in the towings, from the records given above, but 
these in some of the towings were present in immense numbers, while in 
other cases only scattered individuals were found. Other species were 
at one time present in large numbers, at other times entirely lacking, and 
this within short periods. This fact of great variations in the number and 
presence of rotifers is so apparent from the towing records that it is di£Gi- 
cult to select any special examples, I will record one striking case of 
variation within twenty-four hours. 

Aug. 22^ at 2.30 p. m., I towed along the pier projecting into Lake 
Michigan from the entrance to the harbor of Charlevoix. The towings 
were made the full length of the pier four times. The material thus 
obtained contained immense quantities of Aaplanohna Herrickii de 
Gueme. Careful examination of the preserved material led to the esti- 
mate that about one-fourth of the entire catch consisted of this form. 

The next day at 10:30 a. m., I repeated the towings in the same place 
and with a similar net. The material collected was found to contain very 
few Asplanchnas, Thinking this might be due to some difference in the 
two nets, I took the same net used the day before, and at the same time of 
day, 2:30 p. m., I towed along the pier in exactly the same place and in 
the same way I had done the previous day. Towings were obtained in 
quantity similar to those of the day before, but they contained almost no 
specimens of Asplanchna Herrickii; after long examination I succeeded 
in finding a single specimen. 
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The two days were similar, both bright, with a slight wind, a little 
stronger on the second day. The direction of the slight current into the 
harbor was the same both days. 

As to variations with the season, only one marked case came under my 
obserration. In June and July, Asplanchna priodonta Grosse was one 
of the commonest limnetic rotifers, while Asplanchna Herrickii de 
Q-uerne was scarcely ever observed. • But in the early part of August the 
numbers of Asplanchna Herrickii greatly increased, so that for a few 
days about equal numbers of the two species were found. Then the num- 
bers of Asplanchna priodonta began to decrease very rapidly while the 
numbers of the other species continued to increase. In the latter part of 
August Asplanchna Herrickii was by far the most abundant rotifer in 
the towings, while Asplanchna priodonta had almost disappeared. 



2. LIST OF BOTATOBIA FBOH POOLS ON THE SA.NOY SHOBB OF PINB LiKE. 

The shore of Pine Lake is in certain parts low, flat and sandy, with 
numerous very shallow pools, containing a thick growth of the finer alg», 
and sometimes of Utricularia, Some of these pools are formed by the 
spreading out of rivulets flowing into the lake; in this case they are 
generally connected with the lake itself by narrow, shallow streamlets 
running a short distance over the sand, and containing no vegetation. 
Other pools are not under ordinary circumstances connected with the lake 
at all, but lie at the same level as its waters, separated from it by strips of 
sandy shore. These pools show a fauna differing in character from any- 
thing found in the main body of the lake, and a list of the twenty-seven 
species found is therefore given separately. Eleven of these species were 
found also in the waters connected with the main body of the three lakes; 
the rest were not: 

Rotatoria from the Pools on the Shore of Pine Lake. 



Philodina megfalotrocha Ehrbg. 
Philodina macrostyla Ehrbgf. 
Rotifer vulgaris Ehrbg^. 
Rotifer tardus Ehrbgf. 
Rotifer trisecatus Weber. 
Microcodides orbiculodiscus Thorpe. 
Copeus labiatuB Gosse. 
Furcularia forfioula Ehrbg^. 
Furcularia ^raoilie Ehrbgr. 
Furoularia longfiseta Ehrbg. 
Furcularia micropus GoBse. 
Furcularia eemisetif era Glasecott. 
Mastigfocerca bicornis Ehrbg. 
Rattulus sulcatus Jennings. (Note 2.) 



Dinocharis tetractis Ehrbg. 
PolychsBtus Collinsii Gosse. 
Scandium longicaudatum Ehrbg. 
Euchlanis deflexa Gosse. 
Euchlanis triquetra Ehrbg. 
Monostyla cornuta Ehrbg. 
Monostyla bulla Gosse. 
Monostyla closterooerca Schmarda (?). 
Metopidia lepadella Ehrbg. 
Metopidia Ehrenbergii Perty. 
Pterodina patina Ehrbg. 
Pfcerodina reflexa Gosse. 
Noteus quadrioornis Ehrbg. 



& LIST OF ROTATORIA FROM WEST TWIN LAKE. 

West Twin Lake is a small inland lake lying at a distance of several 
miles from the other lakes examined, and connected with Pine Lake only 
by a small stream. It differs markedly in its main characteristics from 
the waters directly connected with Lake Michigan. The shores and bot- 
tom are of soft deep mud, and vegetation is abundant. Here the rotatorial 
fauna is much more like that of the shallow parts of Lake St. Olair than 
was found elsewhere in this region. From this lake the following species 
were identified, 
12 
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Rotatoria from West TuHn Lake- 



FloBOularia oompanulata Dobie. 
FloBCularia mutabilis Bolton. 
StephanoceroB Eichhornii Ehrbg. 
Oecistes mucicola Kellioott. 
Lacinularia socialis Ehrbg. 
CoDOchiluB volvox Ebrbg. 
Philodina macrostyla Ehrbg. 
Microcodon clavus Ehrbg. 
Asplanchnopus myrmeleo Ehrbg. 
Asoomorpha hyalina Kellicott. 
AnapuB ovalis Bergendal. 
SynchsBta stylata Wierz. (Note 1.) 
Polyarthra platyptera Ehrbg. 
Notops pygmsBUB Caiman. 
PloBBoma lynoeuB Ehrbg* 
Notommata lacinulata Ehrbg. 
Notommata monopus Jennings. 
Proalee laurentinus Jennings. (Note 2.) 
Furoularia longiseta Ehrbg. 



Diglena grandis Ehrbg. 
Mastigocerca bicristata Gosse. (Note 3.) 
Mastigocerca capucina Wierz. u. Zach. 
Mastigocerca lata Jennings. 
Rattulus sulcatus Jennings. (Note 4.) 
Pinocharis tetractis Ehrbg. 
Euchlanis triquetra Ehrbg. 
Euchlanis oropha Gosse. 
Cathypna luna Ehrbg.' 
Distyla signifera n. sp. (Note 5.) 
Monostyla bulla Goese. 
Monost^la quadridentata Ehrbg. 
Metopidia Ehrenbergii Perty. 
Pterodina patina Ehrbg. 
Pterodina parva Ternetz. 
Pterodina reflexa Gosse. 
Brachionus Bakeri Ehrbg. 
Brachionus militaris Ehrbg. 
AnursBa cochlearis Gosse. 



4. LIST OF SOME ROTATORIA IN MATBRIAL|BBOC7aHT FROM SUSIN LAKE. 



Melicerta ringens Schrank. 
Asplanchna Herrickii de Gueme. 
PloBSoma lynceus Ehrbg. 



Notommata monopus Jennings. 
Brachionus militaris Ehrbg. 



5. LIST OF ROTATORIA FROM SPHAGNUM SWAMPS NEAR PINE LAKE. 

Near the shores of Pine Lake are a number of "tamarack swamps," 
formed by the spreading out of small streams before entering the lake. 
These are filled with Sphagnum and similar vegetable life, and covered 
with a dense growth of underbrush and trees, among which the tamarack 
is predominant. An examination of material brought from these shows 
that rotifers are not abundant; the forms found are mostly of the famUies 
everywhere characteristic of Sphagnum swamps — the Philodinadce 
CathypnadcB, and Goluridce. A list of some forms identified is here given: 

Rotatoria from Sphagnum Swamps near Pine Lake, 



Philodina aculeata Ehrbg. 
Callidina constricta Duj. 
Oallidina magna Plate. 
Callidina papillosa Thompson. 
Adineta vaga Davis. 



Copeus pachyurus Qosse. 
Distyla inermis Bryce. 
Metopidia solidus Gk)sse. 
Metopidia triptera Ehrbg. 



6. LIST OF SPECIES NEW TO THE FAUNA OF MICHIGAN. 

In the foregoing lists, containing in all ninety-four species, the following 
twenty species are recorded for the first time as occurring in Michigan, 
and so far as I am aware, in America: 



Callidina constricta Duj. 
Callidina magna Plate. 
Callidina papillosa Thompson. 
Callidina musculosa Milne. 
Adineta vaga Davis^ 
Asplanchnopus myrmeleo Ehrbg. 
Copeus pachyurus Qosse. 
Furcularia micropus Gosse. 
Furcularia semisetifera Glasscott. 
Triophthalmus dorsualis Ehrbg. 



Diglena catellina Ehrbg. 
Mastigocerca bicristata Gosse. 
Coelopus tenuior Gosse. 
PolychsBtus Collinsii Gosse. 
Distyla signifera n. sp. 
Distyla inermis Bryce. 
Metopidia solidus Gosse. 
Pterodina parva Ternetz. 
Notholca scapha Gosse. 
Notholca foliacea Ehrbg. 
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1.) Synchceta stylata Wierz. 

[n my first report on the Rotatoria (Bulletin of the Michigan Fish Com- 
mission, No. 3, 1894), I noted the fact that one of the most abundant 
of the limnetic Rotatoria in Lake St. Clair was Synchceta stylata Wierz., 
while in Whitmore Lake, a small body of water unconnected with the great 
lakes, Synchceta pectinata Ehrbg. was found in equal numbers while 
Synchceta stylata wai9 not present. In the summer of 1894 I hoped to 
make farther observations on this peculiar difference. In Lake Michigan, 
Bound Lake, and Pine Lake, as was to be expected, only Synchceta stylata 
was found. It seemed possible that in the small inland lake known as 
West Twin Lake, only indirectly connected with the great lake system, 
Synchceta pectinata would again occur. But such was not the case; 
Synchceta stylata was found in numbers, but no othir member of the 
genus occurred. At the present time, therefore Synchceta pectinata has 
been reported only from Whitmore Lake. 

(2.) Proales laurentinus Jennings. 

This is the form described in Bulletin of the Michigan Fish Commis- 
sion, No. 3, 1894, as Notops laurentinus. The tendency has been in the 
past few years to consider the genus Notops as typically loricate, though 
WonRinl to an iUoricate family. Of the epeoies deecribed in Hnds^n 
and Gosse's Monograph, one is loricate while the other two are not, and 
the other two genera of this family — Hydaiina and Rhinops — are dis- 
tinctly iUoricate. But Notops minor Bousselet, (Journal of the Quekett 
Microscopical Club, 1892, Series 2, Vol. 4, p. 359), and Notops pygmosus 
Caiman, (Annals of Scottish Natural History, Oct. 1892, p. 240), are 
loricate forms, and show the general tendency to consider this a loricate 
group. As my species, besides being iUoricate, shows undoubted 
Kotommatoid characteristics in other respects, as was noted in my descrip. 
tion, it should probably be transferred to another genus. Mr. Charles 
Bousselet, of London, England has recently discovered on Hertford Heath 
a species very similar to thisj but of a more slender form, showing still 
farther the relationship with the Notommatadce. His species could not 
possibly be considered a Notops, and as the two undoubtedly belong 
together I have adopted the suggestion of Mr. Bousselet that both should 
be referred to the rather heterogeneous and ill defined genus Proales. 

(3.) Mastigocerca bicristata Gosse. 

This is not the form mentioned on page 19 of my report in Bulletin of 
the Michigan Fish Commission No. 3, 1894, but is evidently the real 
Mastigocerca bicristata of Gosse, while the form there mentioned is a new 
species. It agrees with Mastigocerca bicristata Gosse in having two 
crestSj but differs markedly in other respects. Only a few specimens of 
the real Mastigocerca bicristata were found amid Utricularia from West 
Twin Lake. The other two-crested species was very abundant, especially 
in Bound Lake and in the channel between Bound Lake and Pine Lake. It 
is hoped some time in the future to publish careful comparative descrip- 
tions of the two forms; at present my notes and figures are not complete. 

(4) Rattulus sulcatus Jennings, 

This form was described and figured by Bilfinger, in a paper which came 
just too late to be mentioned in my previous report (1. c), as Coelopus 
brachiurus Gosse (?). (Bilfinger Zur Rotatorienfauna Wiirttembergs^ 
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Zweiter Beitrag, Jahreshefte des Yereins ftlr vaterl. Natarkande in 
WtLrttembers, 1894.) As Bilfinger states, the animal is unquestionably a 
Rattulua and not a Uoelopua, I have seen the two equal toes widely sepa- 
rated, then closed together again. Furthermore the toes are here very 
short (0.022 mm. ) both relatively and absolutely, forming only about one- 
seventh of the entire length of the animal (0.144 mm.). I give Bilfinger*s 
measurements, as they agree almost exactly with my own. Sut in Co&hpm 
brachiurus as described and figured by Gosse, the toes are both relatively 
and absolutely much longer (yj^ inch = .043 mm.), forming about one- 
fourth of the entire length of the animal. Mr. Oharles Bousselet has been 
so good as to send me some farther notes and figure of Goelopus brachiurus 
Gosse, as found in England, and from these the distinctoess of the two 
forms seem still more clear. Codopus brachiurus swims commonly with 
the toes held straight out behind, according to Mr. Bousselet, whereas in 
the many living specimens of this Rattulua which I have seen, the toes 
are always retrattod, as shown in my own figures and that of Bilfinger. 
Bilfinger states also that in all specimens seen by him the toes were 
retracted. In Goelopus brachiurus, even when the toes are " thrust up 
under the belly," as figured by Gosse in the monograph, they are not held 
at all in the same position as in RaUulus sulcaiuSy being turned points for- 
ward instead of being retracted into the lorica in their natural position. 
The following then are the points of difference: 



CcelopuM brcu:hiuru$ Gk>f3se. 
Toes of the Ccalopus type (?). 
Length of toes, g^hr inch =.043 mm. 
Total length, jh inch =.185 mm. 
Toes nearly ^4 of entire length. 
Toes held straight out behind or curved, 
points forward. 



RattuluB 8ulcatu$ Jennings. 

Toes equal and side by side {Battulus 

type). 
Length of toes, .022 mm. 
Toted length, .144 mm. 
Toes about | of entire length. 
Toes retracted within the lorica. 



It seems to me beyond question that the two forms are distinct. 

Mr. Bousselet suggested the possibility of the identity of this form with 
Coelopus porcellus Gosse, and sent me mounted specimens of that form 
for comparison. The distinction is at once evident on comparing the two 
animals; moreover, Coelopus porcellus is common in Michigan. I was 
acquainted with it before I saw this Battulua 

Rattulus sulcatus it seems to me then is certainly a species distinct 
from any hitherto described. 

(5.) Distyla signifera n. sp. 

Lorica of the flattened truncate elliptical form typical of the genus: 
the whole animal in general form much like the Distyla inermis of Bryce 
(Science Gossip, Dec, 1892), though perhaps a little broader. But the 2ortca 
is marked both dorsally and ventrally by crescentic elevations, arranged 
in somewhat regular patterns. On the ventral surface these are mostly 
in longitudinal rows, while on the dorsal surface the pattern is consider- 
ably more complicated and at the same time less regular. The two figures, 
from camera drawings, render a minute description of the arrangement of 
these elevations superfluous. The dorsal view shows not only the arrange- 
ment but also, so far as possible, the size and form of each of the mark- 
ings; in the ventral view the arrangement is accurate, but each elevation 
was not outlined separately with the camera. The toes are rod-like, 
tapering near the distal end on the outer side, so as to form an inner 
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point— SO that when the two toes are placed side by side only one point 
is formed. The internal anatomy offers nothing of interest. 

All distinctive characters of the animal are better indicated by the fig- 
ures than wonld be possible by an extended description. 

Length, about .22 mm. 

In ntricularia from West Twin Lake; not common. 

Figure 1. — Dorsal view of the entire animal. 

Figure 2. — Ventral view of the lorica. 

(6.) Monostyla lunaris Ehrbg. 

This common form agrees with descriptions and figures of Monostyla 
lunaris Ehrbg., except that the toe is not protruded between two spines^ 
but the foot passes without break into the toe. The foot is unjointed, so 
that this is not the Monostyla Quennerstedtii of BergendaL I have not 
considered this variation to be of sufficient importance to separate my 
form from the common one. 



94 MICHIGAJ^ PISH COMMISSION— BULLETIN NO. 6. 



APPENDIX TV. 



PRELIMINARY REPORT ON COLLECTIONS OP TURBELLARIA PROM 
LAKE ST. CLAIR AND CHARLEVOIX, MICHIGAN.^ 



BY W. MOM. WOODWOBTH, INSTRUCTOR IN MICROSCOPICAL ANATOMY, AND 
MUSEUM ASSISTANT IN CHARGE OF VERMES, HARVARD UNIVERSITY. 
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A more detailed report with figures will appear in the Bulletin of the 
Museum of Comparative Zoology. 

The collections, though small, contribute three new species to the 
Turbellarian fauna of the United States, two of which have never before 
been described. In the absence of any data regarding the color and shape 
of the living animals, the descriptions are necessarily based upon the 
appearances of the alcoholic material. 

Planaria simplex sp. nov. 

One Specimen. " Dredge Aug. 11, 1894, off N. T. Point, Lake Michi- 
gan." Length 4 mm., greatest breadth 1.8 mm. Greneral shape 
ovate. Broadest at ^ the total length from the anterior end, taper- 
ing from here to rounded posterior extremity. Anterior end 
rounded, set off from rest of body by slight lateralindentations at 
the level of the eyes, i. e., about -^ the total length from anterior end. 
Broadest diameter ^ the distance from anterior end. No cephalic 
appendages. Mouth \ total length from posterior end. Eye spots 
elongated, crescentic, facing outward and forward at an angle of 45° 
to the chief axis of the worm. Intestine of the simple triclad 
type. No signs of sexual organs. Immature, Pigment, located 
in spots of nearly uniform size, distributed uniformly over all parts 
of the body; no clear areas at sides of head nor surrounding the 
eyes. Color of alcoholic specimen ochre yellow. 

Planaria macnlata Leidy. 

One specimen from New Baltimore, Lake St. Olair, Aug. 20, 1893. 
Seven specimens "on leaves of Nymphea, Twin lakes, Charlevoix, 
Aug. 6, 1894." Four specimens from " Utricularia- washings, West 
Twin Lake, Charlevoix, Aug. 13, 1894." 

1 Contribations from the Zoological Laboratory of the Masenm of ComiMuratiTe Zoology, E. L. Mark, 
director, No. LXIIL 
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^Procotyla flnyiatilis L^idy. 

" Bound Lake July 9, 1894." Probably the above species. Catalogued 
as " whitfe planarian." No other data. 

Hesostoma Wardii sp. nov. 

Nine specimens: "Turbellaria [from] algae, Aug. 20, 1893, New Balti- 
more," Lake St. Clair. Length 2-Sf mm., greatest breadth 1-1.4 mm. 
Very thin and flat. Anterior end tapering, rounded, marked off from 
body by a slight constriction. Posterior end tapering sharply and 
terminating in an acute caudal process. Pharynx large, promment, 
in middle third of body. Specimens mostly immature; nothing 
definite could be determined regarding the sexual organs. Color 
of alcoholic material yellowish; very translucent. 

Mesostoma Tiridatnm M. Sch. 

Seven specimens from " Utricularia-washings, West Twin Lake, Char- 
levoix, Aug. 13, 1894." A cosmopolitan form, but new to the United 
States. 

* Mesostoma viTiparnm Silliman. 

" Old channel, Bound Lake, Charlevoix, on algae, July 13, 1894." 

♦Vortex aFmiger O. Schm. 

New Baltimore, Lake St. Clair, Aug. 6, 1893. 

♦Vortex sp.? 

"Bound Lake, Charlevoix, dredgings from old channel July 20, 1894. 
Length 0.96 mm., breadth 0.2^M).32 mm. Anterior end truncated 
posterior end pointed. Pharynx dolioform, in anterior i of body, 
traversed by two prominent, lateral, nearly longitudinal bands of 
light chocolate color. ZoOchiorellse in central part of body." 

Microstoma linear e Oers. 

One broken stock from " Utricularia-washings, West Twin Lake, Charle- 
voix, Aug. 13, 1894." 

♦ '* Old channel. Bound Lake, Charlevoix, July 13, 1894, in chains of 
2 to 4." 

♦ Microstoma variabile Leidy. 

*' AlgsB culture, shore, Charlevoix, July 24, 1894. One specimen: chain 
of four individuals." 

Microstoma candatnm Leidy. 

Two specimens from " Utricularia-washings, West Twin Lake, Charle- 
voix, Aug. 13, 1894." Both stocks consisting of two individuals. 

Museum of Comparative Zoology, 

Cambridge, Mass., Jan. 31, 1896. 

*The species marked with an asterisk were not sent to me. The acooants given here are from notea 
and drawings by Prof. H. B. Ward. 
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APPENDIX V. 



REPORT UPON THE -MOLLUSCA COLLECTED IN THE VICINITY OF 
CHARLEVOIX, MICHIGAN, IN THE SUMMER OP 1894. 



BY BRYANT WALKER, DETROIT, MICH. 



The moUuscan fauna of Charlevoix, is that common to the northern por- 
tion of the lower peninsula, and seems to possess but little that is purely 
local in its nature. As a whole, however, it is distinctly northern in its 
character, as compared with that of the southern part of the state. In the 
terrestrial species this is shown in the occurrence of VUrina and numerous 
species of Zonitidse and Endodontidse, to the almost entire exclusion of the 
larger species of Helicidse, which abound further south. While in the 
aquatic forms, the LimnseidrOB, Phybidae, and Corbiculidae, all of which are 
peculiarly northern in their distribution, form nearly three-fourths of the 
entire number of species. 

The number of species of terrestrial moUusca collected was not as great 
as might reasonably have been expected. This was probably in part due 
to the sandy nature of the soil, which prevails all along the eastern shore 
of Lake Michigan, and partly to the excessive drought which then pre- 
vailed. Of the thirty-one species collected, two — Pyramidula astertacua 
Mse., and Strobilops virgo Pils. — are interesting additions to the fauna of 
the state. 

The number of fluviatile species collected was sixty-four, of these thirty- 
seven were univalves and twenty-seven were bivalves. 

The following is a summary of the families represented: 

■p,,l,«.^«o+o S LimnsBidsB- — 22 

Pulmonata | Physidse 4 

26 

fValvatidsB 2 

Prosobranchiata ..J ViviparidsB . _ ._ 3 

'l Rissoidse 4 

I^PleuroceridsB 2 

r»i-ypod» iSSSii-:::::::::::::::::::::::::::^ " 

27 
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The most striking feature of this fauna is the large number of species 
belonging to the Corbiculidae. Of the nineteen species recognized, no less 
ttian ten are new to the fauna of the State, and of these, one {Pisidium 
milium Held.) is a European species not before found in this country, 
and seven {Sphcerium 1, Pisidium 6) are probably new to scienee. 

Other interesting discoveries were a small and very fragile deep-water 
form of LimncBa stagnalis L. and very small globose lAmncea, which may 
prove to be a new form, at High Island Harbor in the Beaver islands; a 
new fossil lAmncea from the marl deposits in Pine Lake at Charlevoix, and 
the recently described Planorbis bicarinatiLS Aroostookensis Pils. and P. 
eocctcutus rubelluB Sterki from small ponds in the same vicinity. 

The fauna of Lake Michigan does not seem to differ materially from that 
of the neighboring inland lakes. The apparent scarcity of the larger 
bivalves ( Z7mo, AnodordaBJiA Margaritina) shown in the present collection 
may possibly be explained by the unfavorable conditions which prevail in 
the immediate neighborhood of Charlevoix, owing to the exposed coast and 
rockv bottom in that vicinity. Further and more extended observations 
will De necessary before such a deduction can be made with any degree of 
certainty. 

This fact, if it be one, does not, however, play any considerable part in 
the economic features of the fauna which more particularly concern the 
special line of investigation carried on by the Commission. 

It is not probable, owing to their large size and heavy shells, that the 
Unionidse afford any considerable amount of fish food. In the earlier 
stages of development, while yet small they no doubt are eaten to some 
extent. 

There is no question, however, but that the smaller species which are to 
be found in great quantities in suitable localities, constitute an important 
item in the food supply of those species of lake fish, such as the whitefish, 
sturgeon, etc., which are bottom feeders. The forms thus utilized, would 
include among the univalves most of the species belonging to the following 

fenera: Zdmncea, Physa, Planorbis, Segmentina, Valvata, Amnicola and 
iythinella and among the bivalves, the numerous species of Sphcerium 
and Pisidium. 

The following genera were found in the stomachs of whitefish collected 
this last season: 

Amnicola, Valvata, Sphcerium, Pisidium, Limncea, Physa, Planorbis. 

The great abundance of these small moUusks under favorable conditions 
was well shown at High Island, where a single haul of the trawl over a thick 
growth of Chara brought to surface several hundred specimens of twenty- 
six species belonging to the following genera: 

Limncea _ 5 

Planorbis » 3 

Physa - _-- 1 

Valvata _ 2 

Amnicola 3 

Bythinella 1 

Pisidium 11 

Not only are these forms exceedingly abundant, but their bathymetric 
range is also very considerable. Thus Limncea, Planorbis, Valvata^ 
Amnicola, Sphcerium and Pisidium were found living at a depth of twenty- 
13 
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five metres. Although, in the few instances in which the dredge was 
lowered to a greater depth, no moUnsca were obtained, this result can 
scarcely be considered as determinative in this particular. It seems 
probable, however, that the Pisidia range to a much greater depth than 
the other genera. 

(See Kep. U. S. Fish Com. 1872-3, page 707). 

As in other forms of animals, the abundance of moUuscan life is 
dependent upon a favorable environment and ample supply of food. All 
of the univalves species found in the great lakes are vegetable feeders, 
while the bivalves live upon the minute organisms (alg») w^ich they 
find floating in the water. An abundant vegetation therefore is a 
prime requisite for any extensive development of a moUuscan fauna. 

This interdependence of the various forms of life was very strikingly 
illustrated in the fauna of the various inland lakes in the vicinity of 
Charlevoix. Thus in Pine Lake where, owing to the character of the 
bottom which is almost wholly composed of a fine disintegrated marl, 
except in places where a thin coating of sand has been washed in from 
the shore, plant life is very meagre and stunted in its growth, there 
was a marked scarcity in the moUusca, not only in the number of species, 
but in their individual abundance. While in other lakes when the 
conditions were favorable for a luxuriant vegetation, there was a cor- 
responding increase in the higher forms of life. 

The following is a complete list of the species collected: 



Limax campestris Binn 

Vitrina limpida Gld.._ 

Gaatrodonta nitidus Mull 

Vitrea arhorevs BolY 

radiatuliia Alder 

indentatvs Say , 

Binneyanus Mse 

ferrevs Mse. 

exiguua Stimp 

Conulua fultrua Dr 

Tebennophortis Carolinenais Bosc. 

Pyramidula altemata Say 

altemata alba _ 

atriatella Anth 

asterisctis Mse 

lineata Say 

Polygyra albolabria Say 

Sayi Binn. 

monodon Rack 

Strobilopa labyrinthica Say , 

virgo Pils 

Acanthinula narpa Say 

Pupa contracta ^&y 

Vertigo ovata Ss.7 , 

Bollesiana Mse , 

ventricoaa elatior Sterki. 

pentodon S&y 

Ferusaacia sitbcylindrica L 

Sttccinea avaraSa^ ._ 

obliqua Say 

ovalis Gld. var 

Carychium exiguum Say , 

LimncBa sta^gnalialj 

sta^nalia L. var 

ampla Migh 

emarginata Say 

cataacopium Say 

reflexaSsj 

lanceata Gld.? 



Land. 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



Lake 
Michi- 
gan. 



Inland 
waters. 



X 



X 
X 



X 



X 



X 
X 



BIOLOQICAL EXAMINATION OF LAKE MICHIGAN. 



99 



lAmncea pallida Ads.? (fossil) 
galbana Say. (fossil) 

desidioaa Say 

humilis Say 



«p •- - 

e^. (fossil) 

Phyaa anctllaria Say - 

gyrina Say 

h^teroatropha Say 

Integra Hald 

Planorbi8 trivolvU Say 

hicarinatus Stkj 

bicarinatus Arooatookenais Pils. 

campanulattu Say 

muitivolvia Case 

exocufiM Say 

exa,cutii8 rvhellua Sterid. 

aI&u«Mnll. 

parvusSeLj 

deflectua Say 

Segmentina armtgrera Say 

Ancylua parallelua Hald 

Valvata tricarinata Say 

tricarinata bicarinata Lea 

aincera Say 

Campeloma deciaa Say 

integra Say 

Mileaii Lea 

iimnicola h'mosa Say 

luatrica Pils 

yrana Say 

porata 

Bythinella obtuaa Lea 

Pleurocera aubulare Lea 

OoniahaMa liveacena Mke. 

Unio luteolua JjKm. 

borealia Gray. 

Margaritina rugoaa Bar _ 

AncMonta edentula Say 

fragilia Lam... 

Footiana Lea 

Marryatana Lea 

Feruaaaciana Lea... 

aubcylindracea Lea 

Sphcerium aimileSay 

atriatinum Lam 

rhomboideum Say 

roaaceum Pme. 



ap. 



Piaidium Idahoenae Roper. ._ 

variabile Pme 

abditum Hald 

compreaaum "Pme 

ventricoaum Pme 

punctatum Sterki. 

ap 

ap 

ap 

trapezoideum Sterki, mss.. 

«P 

ap 

milium Held 
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. EKRATA. 

Page 8, line 13, for " Beighard, 95,*' read " Beighard, 04'*. 

Page 8, footnote,*liDe 2, for " p. 250 " read '* p. 250". 

Page 111 second line from bottom, for *' p. — " read *' p. 72". 

Page 12, line 24, for " p. -" read " p. 76". 

Page 12, line 28. for ** Byder (81)" read ** Byder (84)". 

Page 16, line 7, after " species " insert " of insects". 

Page 17, sixth line from bottom, for *' Beighard (05)" read '* Beighard (04)". 

Page 19, Une 15, for '* Forbes (82)" read *' Forbes (83)". 

Page 21, line 11 of table, for " lustuca " read '* Itutrica ". 

Page 21, line 15 of table, for '' Lan." read *' Lam." 

Page 27, line 26, for " depedent " read '' dependent ". 

Page 28, second footnote in third and in last lines, for ** MeUmia " read " Melonra", 

Page 86, last line above table omit the word " total ". 

Page 87, line 20, for '' afford " read " affords ". 

Page 38, second table in first line, for *' 10.7 " read "10.0," and for *' 8.6 " read *' 4. 8 ". 

Page 38, second table in last Une, for " 10.5118" read " 10.4087" 

Page 38, last line, for " 3.5 per cent " read ** 4 per cent". 

Page 43, last table in last column, for *' 3.08 " read " 3.07". 

Page 45, line 24, for ** agreed" read " agrees". 

Page 55, line 8, for " Glain " read '* Clair". 

Page 55, line 84. for " Beighard (03)." read '*(04)". 
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PLATE I. 
Tabular View op Bottom Hauls with Vertical Net. 

A, IN Lake Michigan. 

B, IN Round and Pine Lakes. 

Vertical lines indicate stations, each of which is designated by a Roman numeral at 
the upper end. 

Horizontal lines denote distance or amount as shown at the margin. 

D D. Indicates depth of various stations. 

T T. Shows total volume of plankton in bottom hauls with vertical net. 

R -R. Shows the estimated volume of plankton per cubic meter of water in 

the same hauls. 

? Denotes a doubtful observation. 

For further details see text. 
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PLATE II. 
Tabular View op Stratal Hauls with Vertical Net. 

A, IN Lake Michigan. 

B, IN Round and Pine Lakes. 

Vertioal lines indicate stations, and horizontal lines amount of plankton obtained 

D D. Indicates the depth of various stations. 

S S. Shows the amount of plankton per cubic meter of water in hauls from 

2m. to surface. 

2-5m., the same in hauls from 5m.-2m. 

5-lOm., " ** " " " 10m.-6m. 
10-25m., " " •* " " 25m.-10m. 
25-50m., " *• *• •* " 25m.-50m. 
50m.~bottom, the same in hauls from bottom to 50m. 
? Denotes a doubtful record or observation. 
Further details in text. 
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PLATE III. 

Tabular View op Plankton Hauls in Lake St. CiiAIR. These Were Plotted 

FROM Results Given by Reighard, 94, p. 35. 

Stations are indicated by vertical lines; distances or amouats by horizontal lines. 

D D. Indicates the depth of the various stations. 

T T. Shows the total amount of plankton obtained in bottom hauls. 

R R. The amount of plankton per cubic meter of water for the same hauls. 

S S. The amount of plankton per cubic meter of water contained in the 

surface 1.5m. 

1.5-4.5m. The amount of plankton per cubic meter of water in the stratum 4.5m. to 
1.5 en., or bottom to 1.5m. if shallower. 

B B. The amount of plankton per cubic meter of water in the stratum from 

bottom to 4.5m. 

For discussion and explanation see text. 
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